

LABORATORY MANUAL 



BY 

ERNEST O. BOWER 

Head of Science Department 
East Technical High School, Cleveland 

EDWARD P. ROBINSON 

Instructor Fenn College, Cleveland 
Former Instructor East Technical High School, Cleveland 


EDITED BY 


WILLIAM 


Joint Le 


RAND MS 


New York 



CONNOR 

yey Staff 

State Education System 
k 


CHICAGO 


COMPANY 


San Fro 


n c I s c o 



Printed in U. S. A. 


B 



Copyright 1H$ by 
Hand M9Naxj4Y & Company 
All rights reserved 

5 ' 3 / • 3 0 



Made in U. S. A. 





WHAT IS THE PURPOSE OF LABORATORY WORK IN PHYSICS? 

One purpose of laboratory work in physics is to help in a mastery of fundamentals. When a 
student reads about a principle in physics, he often fails to fully comprehend the principle 
or to appreciate its importance. One reason is that the principle seems abstract and foreign 
to his experience. When he applies the principle in the laboratory, on the other hand, he 
regards it as concrete and related to his experience. For instance, he may study the principle 
of the lever and even calculate the mechanical advantage of a lever without fully understanding 
what the principle means or how it affects his everyday life. If he sets up a lever in the labora- 
tory, however, by placing a meter stick on a lever support and suspending weights along its 
arms, he observes directly how the principle works. The principle now becomes much more 
meaningfiil to him than it could possibly become without such experience. Thus laboratory 

work, because of first hand experience with principles, helps to clinch a knowledge of the 
fundamentals of physics. 

I 

A second purpose of laboratory work in physics is to help in acquiring the scientific attitude and 
method. Laboratory work in physics is essential to the student in learning the attitude and 
method of the scientist. Only by testing a principle in the laboratory can he catch the spirit 
of the scientist or acquire a real understanding of scientific procedure. In the laboratory he 
faces real problems, gathers facts related to the problems, uses the facts in reaching tentative 
conclusions, and checks results to draw final conclusions. As he follows this orderly procedure 
he not only learns to use the scientific method but also comes to see the value in its use. At 
the same time he acquires a scientific attitude, including such attributes as respect for facts, 
respect for system, and respect for accuracy. Also he acquires a respect for delicate instru- 
ments, including an appreciation of the care with which such instruments are made and of 
the care with which the instruments must be handled. Last but not least, he develops mental 
honesty, a determination to search for the truth and to accept only the truth as a basis for 
action. The final outcome of all this training, of course, is the ability to do critical thinking. 

A third purpose of laboratory work in physics is to point the way to practical applications 

As a student applies a principle in the laboratory, he acquires a better understanding of the 
uses of the principle in everyday life. This understanding naturally leads him to analyze 
the operation of machines and devices and hence to live in greater harmony with his environ- 
ment. From such analysis he acquires the ability to select equipment wisely, as in purchasing 
a camera or radio. He learns that machines must have care— that an electric fan must be 
oiled and that a storage battery must be filled regularly with water. Finally he learns to avoid 

certain hazards, as the hazard of handling electric wires carelessly and the hazard of nqino- a 
com to replace a fuse. a 


A fourth purpose of laboratory work in physics is to stimulate vocational interests Whilp 
carrying on laboratory work in physics a student inadvertently examines the field of pS 

explorations he discovers whether or not he is especially interested to physi or in^roTS 

divisions. At the same time he observes the requisites for nranfi-ptfi \ - I ^ ^ ^ ^ 

system, accuracy, and patience, and measures his own fitness in the light “f toiereqto? “ 
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fYtnn such deductions as these he finds himself with reference to physics and draws a tentative 
conclusion as to whether he would be successful and happy in a physics career. 

A fifth purpose of laboratory work in physks is to develop a cooperative attitude. Usually a 

student in a physics laboratory works as a member of a group. Under such an arrangement 

he learns to plan with others and work in harmony with others. When questions arise he finds 

that the opinions of others are often as good as his own, and when he makes errors he learns 

to take criticisms from others. These experiences provide wholesome training for any situation 

in which he may associate closely with others, as on a job. More important still, they temper 

his outlook on life and help him to become a cooperative member of society. Thus laboratory 

work, since it requires a student to “give” and “take,” helps to prepare him for the democratic 
way of life. 


i nis book, J^aboratory Manual for Dynamic Physics, has been written with the foregoing 
objectives in mind. The manual includes the standard experiments usually required for a 
high school course, and other experiments from which students may make selections on the 
basis of interests and needs. Included in the latter group are experiments based on the newer 
topi^ in physics, such as aviation, meteorology, and radio. As an aid to the instructor in 
making assignments, the experiments which cover the more essential principles of physics 
have been starred. This list supplemented by electives will readily satisfy the requirements 
for college entrance and insure the pursuance of a well-balanced course. 

^om the standpoint of equipment, the experiments have been adapted to the apparatus 
found in the average high school laboratory. A list of apparatus with the number of pieces 
required for each working unit of four students is provided in the Appendix. This list will be 
found to compare closely with lists prepared by the local state department of education or 
other standardizing agency. In many instances simple pieces of apparatus are preferable to 
complex pieces, because they reveal more clearly the principles involved in their use. 

Each experiment in the book is based on a definite problem and all the steps in the experi- 
ment point to a solution of the problem. The experiment is organized according to a definite 
pattern, including (1) statement of the problem, (2) list of references, (3) introduction, (4) list 
of apparatus, (5) procedure, (6) conclusions, and (7) practical applications. The problem in 
each imtance IS stated in language which, from the study of the textbook, is especially easy to 
understand. The list of references includes from two to four references by pages to popular 
oo on science to enrich the background of the student. In some instances, where successive 
experiments are related, the references are repeated, since the same background applies. The 
introduction orients the student into the laboratory situation by explaining the meaning of 
e problern and presenting pertinent facts and principles. Since instructors need to spend 
much time in preparing students for laboratory assignments, the authors have taken special 
c^e to make the introduction clear and complete. The list of apparatus, as the heading 
mdicato, mentions the mam pieces of apparatus needed for the experiment. The procedure 
gives directions for preparing the experiment and provides spaces for recording data and for 
answenng questions. Here again the authors, realizing the problem of instructors in directing 

make the directions especially clear and complete, in 
^ nearly self- teaching as possible. The conclusions consist of a series of questions 

directlv’to top ^ statements to be completed. These conclusions point 

everX lifr principles of the experiment directly and indirectly to 

a list of apparatoT Physical data, groups of physical formulas and equations, 
cosines and of natural tano-P f ® experiments, and tables of logarithms, of natural sines and 
s’eparateir ^ cotangents. A key to the text and a set of tests are pro- 
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EXPERIMENT ONE 

Physical Properties of Matter 

How would you identify the physical properties of matter? 

References: New Frontiers of Physics, by Paul R, Heyel, pages 9-50, 

50-68, 69-83 

New World of Physical Discovery, by Floyd L. Darrow, pages 
184-227 

Practical Electricity, by Terrell Croft, pages 1-24 

Introduction. A physical property of matter is a quality or characteristic by which one kind 

of matter can be distingmshed from another. Such a property may be more prominent in one 

kind of matter than in another, or it may be present in one kind and lacking in another. The 

properties that are always present in matter — namely, volume, mass, weight, impenetrability, 

inertia, and porosity— are known as common properties. The properties, such as tenacity and 

malleability, that are strongly present only in certain kinds of matter are known as special 

properties. Physical properties are especially important because they help to determine how 

different lands of matter may be used. Thus steel is a better material for building locomotives 

than aluminum because it has greater weight per unit volume than aluminum. Blotting paper 

is a better material than rubber for taking up ink because it has greater porosity than rabber. 

This experiment will help you to identify the properties of matter found in certain ordinary 
objects from your environment. 

APPARATUS 

Various small objects from the environment, such as a rectangular block of wood, rectangular 

rlT cylindrical piece of chalk, glass marble, and solid rubber 

ball. Also familiar pieces of apparatus, such as foot rule showing one-sixteenth-inch divisions 

sensitive spring balance showing one-ounce divisions, and water for use in testing the objects! 



The common properties of matter. Seek to discover each of the common properties-namelv 
volume, rnass, weight, impenetrability, inertia, and porositv— in the ! u u ^ 

the foregoing objects is composed. First test the matter of eaeb t i ° 

mass, third for weight, fourth for impenetrability, fifth for inertia and 

Record your findings as hereinafter directed. porosity 

Dyjtamic Physics References: pages 33-36 



Volume. In testing for volume, seek to find out whether an object has cubical contents. One 
method, if an object is of regular shape, such as those specified in this experiment, is to measure 
the object and from its dimensions c^culate the volume. An object of irregular shape has 
volume just as has an object of regular shape, but the method of determining the volume is 
more complicated. In order to find the volume of a rectangular object, such as the block of 
wood or chunk of sugar, measure the length, breadth, and thickness of the object. Then find 
the product of these dimensions. For pxirposes of accuracy in taking the measurements, align 



with an edge of the object to be measiued a division of the scale on the foot rule rather than 
the end of the jmle. In order to find the volume of a cylindrical object, such as the iron rod or 
piece of chalk, measure the length of the object and the diameter of one end. The best method 
of measuring the diameter is to place the cylinder crosswise between two rectangular blocks 
and then measure the distance between the blocks. When you have determined the diameter, 
divide the measurement by two to obtain the radius. Then find the volume of the cylinder by 
substituting known values in the equation V = Trr%. In order to find the volume of a sphere, 
such as the glass ball or rubber ball, measure the diameter of the sphere. The best method of 
measuring the diameter accurately is to place the sphere between two rectangular blocks as in 
measuring the diameter of a cylinder. When you have determined the diameter, divide the 
measurement by two to obtain the radius. Then find the volume of the sphere by substituting 
known values in the equation V = ^Trr®. 

Take all your measurements in inches acciuately to one-sixteenth of one inch, using 
either regular fractions or decimal fractions. If you use decimal fractions, carry the fractions 
two or three places to the right of the decimal point in order to secure accurate res^llts. Observe 
that, in taking readings to one-sixteenth of an inch, you would need to measure very carefully. 
In case a reading is slightly more than one even sixteenth of an inch, or slightly less than an 
even sixteenth, use the sixteenth to which it is nearest. Enter the volumes in the following 
table: 


block of wood 

. .cu. in. 

piece of chalk 

cu. in. 

chunk of sugar 

. .cu. in. 

glass marble 

cu. in. 

iron rod 

. -Cu. in. 

rubber ball 

cu. in. 


Mass. In testing for mass, examine the matter of each object carefully to see whether it has the 
appearance of being made up of particles bound more or less closely together. If possible, ex- 
amine each kind of matter under a microscope to observe the nature of its structure. You will 
be unable, of course, to see molecules, but you will see larger particles of matter. Place a check 
mark after the name of each object that shows evidence of mass: 


2 



block of wood 


piece of chalk 

chunk of sugar glass marble 

iron rod rubber ball 

Weight . In testing for weight, weigh each object in a weight pan suspended 
from a sensitive spring balance. First determine the weight of the pan in 
ounces and subtract this weight in each instance from the weight in oimces 
of the object and pan. If you find certain objects too light to weigh acciu'ately 
with the spring balance, such as the chimk of sugar or piece of chalk, place 
in the weight pan several objects of the same kind and size as the object to 
be weighed and obtain the combined weight. Then, to determine the weight 
of one object alone, divide the combined weight by the number of objects 
used. Thus you would weigh several chimks of sugar and divide by the 
number of chunks to determine the weight of one chunk. Record the weights 
of all objects in the following table: 


block of wood 

• • • * oz« 

piece of chalk 

oz. 

chunk of sugar 

• ♦ • • oz« 

glass marble 

oz. 

iron rod 

« • • • oz« 

rubber ball 

oz. 



Impenetrability. In testing for impenetrability, place each object on the table and see whether 
you can put another object in exactly the same location without moving the first object out of 
the way. If possible, use another object of the same size and shape as the size and shape of the 
object you are testing. Place a check mark after the name of each object below that you 
think has impenetrability: 


block of wood piece of chalk 

chunk of sugar glass marble 

iron rod rubber ball 

Inertia. In testing for inertia, place each object on the table and push it to see whether it offers 
resistance, or tends to remain at rest. Also toss each object gently with one hand and stop it 
with the other to see whether it tends to remain in motion. Place a check mark after the name 
of each object below that you think has inertia: 

block of wood piece of chalk 

chunk of sugar glass marble 

iron rod rubber ball 

Porosity. In testing for porosity, dip the object in water to see whether it absorbs any of the 

liQuid. As a further check, examine the object under a microscope and notice that, regardless 

of how smooth it looks to the naked eye, it shows signs of roughness. The roughness arises 

from the fact that spaces exist between the particles of which the object is made. Place a check 
mark after each object below that you think has porosity: 

block of wood 


chunk of sugar 
iron rod 
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piece of chalk 
glass marble . 
rubber ball . . 




of moTfer. Among the special properties of matter are tenadts^, brittle- 
ness, hardness, ductility, and malleability. In some kinds of matter these properties are present 
in varying d^rees, and in other kinds they are completely lacking. For instance, one kind of 
matter may have no tenacity, another kind slight tenacity, another moderate tenacity, and 
another great tenacity. Using the following directions, t^t for the foregoing properties the 
block of wood (or piece of wood of similar structure) . Indicate your findings in connection with 
each propaty by writing the word no, slight, moderate, or great in the appropriate incomplete 
sentence: 


1. Tenacity. Fasten one end of the piece of wood in a vice to hold it firmly and pull on the 
other end to see whether you can pull it apart. Wood has tenacity. 


2. Britdeness. Split off a splinter of about the same diameter as a match stick and see whether 
you can bend it slightly without breaking it. Wood has brittleness. 


3. Hardness. Draw a sharp instrument across the surface of the piece of wood to see whether 
you can scratch it or cut it. Wood has hardness. 


4. Ductility. Split off a splinter, heat the splinter as much as possible without biuning, and 
pull on it. at both ends with pliers to see whether you can reduce its diameter. (When testing 
a noninflammable material, such as iron, for ductility, heat the materials red-hot.) Wood has 


ductility. 

5. MalleaMlity. Hammer the piece of wood upon an anvil or other solid object to see whether 

you can flatten it out without causing it to crumble. Wood has malleability. 

In a similar maimer test the other kinds of matter that you considered in the first part of 
the experiment. Then complete a sentence about each kind of matter by using the word no, 
slight, moderate, or great with each property considered. 

1. Sugar has 


2. Iron has 


3. Chalk has 


4. Glass has 


4 



5. Rubber has 


CONCLUSIONS 

1. What is a physical property of matter? 


2. What six common properties of matter did you consider in this experiment? 


What six special properties did you consider? 


3. How do you find the volume of a rectangular object? 


How do you find the volume of a cylinder? 


How do you find the volume of a sphere? 


4. How does the mass of an object differ from the weight of the object? 


5, What do you understand by the impenetrability of matter? 







6. How is matter affected by inertia? 


7. How does a microscope help to reveal the porosity of matter? 


PRACTICAL APPLICATIONS 

1. In measuring a rectangular object, how should you place the ruler on the object? 


2. Why is copper especially well suited for making wire? 


3. Why can iron be made into thin sheets? 


4. Why can a towel be used for drying the hands? 


X 

5. Why is a large rock hard to move? . 


6 



Class Period 


Date 


Name 


^EXPERIMENT TWO 


Density 

How would you determine the density of matter ? 

References: Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 155-156 

Practical Heat, by Terrell Croft and R. B. Purdy, pages 2-4 

Introduction. Density refers to the mass or quantity of material in a unit volume of matter, 
as in a cubic inch of iron or cubic foot of wood. Since the mass of a body is always proportional 
to its weight at any given location, density is regularly expressed in terms of weight per unit 
volume. Thus the density of water is expressed as 0.58 ounce per cubic inch or 62.4 pounds 
per cubic foot. This statement means simply that if the molecules or tiny particles of mass 
in a cubic inch or cubic foot of water were weighed separately and the weights were added, 
the total weights would equal these quantities. Density is especially important to architects 
and engineers in estimating the weight of materials to be used in construction. For instance, 
it enables an architect to calculate the weight that will rest upon a certain beam and thus to 
make the beam of sufficient strength to carry the load. 

During the year you will use density many times in solving problems in physics. There- 
fore you will need to learn the method of finding density as a foundation for work to follow. In 
finding density, you will always be concerned with weight and volume and in most cases with 
weight and volume expressed in terms of the metric system. Consequently, in this experiment 
you will use the metric system rather than the English system of measurements. 

APPARATUS 

Rectangular block of wood, aluminum cylinder and steel sphere or ball, also pieces of apparatus 
such as meter stick, trip balance with weights, vernier caliper, and micrometer gauge for use 
in measuring these objects. (The vernier caliper and micrometer gauge are optional.) 




In finding the density of an object, first determine the weight and volume of the object. Then 
divide the weight by the volume to determine the weight per unit volume. In other words, if 
you let D represent the density, W represent the weight of the object, and V represent the 

volume of the object, you solve for D by using the equation D = ^. For purposes of conven- 
ience, you will consider in this experiment only objects of regular shapes or objects that you 
can measure with ease, and from the dimensions thus obtained, determine the volume. Ob- 
jects of irregular shapes, of course, also have volume, but the method of determining the 
volume is more complicated. 

Dynamic Physics References: pages 36-62 
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The density of a rectangular ob/ecf. Weigh on a trip balance a rectangular block of wood 
accurately to 0.1 gram or one decigram. Before using the trip balance, turn the adjustment 

weight as necessary to make the reading show zero. 
Place the block of wood upon the left platform of 
the balance and the weights as needed upon the 
right platform. The weight of the block of wood 

is grams. 

Measure with a meter stick the length, 
breadth, and thickness of the block of wood accu- 
rately to 0.1 centimeter. The division 0.1 centi- 
meter, which is the same as one millimeter, is the 
smallest division on the scale. To obtain accurate 
results, always align with the edge of the wooden block a division of the scale on the meter stick 

rather than one end of the meter stick. The length of the rectangular block is 

centimeters; the width is centimeters; and the thickness is centi- 
meters. On the basis of these dimensions the volume of the rectangular block is 




cubic centimeters. Having determined both the weight and the volume of the wooden block, 

find the density of the block by substituting appropriate quantities in the equation D=—. 

Solving for D in this equation, you find the density of the block to be ... . • crams ner 

cubic centimeter. • • * e f 

Enter your findings in the spaces provided for Trial 1 in the following table. Then repeat 
the experiment and enter your data in the spaces provided for the successive trials. 


Trial 

Weight ( g ,) 

Dimensions 

Thickness (cm.) 

Volume (c.c.) 

Density 

Length (cm.) 

Width (cm.) 

1 

1 

1 



1 

1 

1 


2 


1 

1 


1 j 

1 


3 




1 

1 


1 

4 

1 1 



1 

[ 

» 

1 

t 

f 

5 



$ 

j 

! i 



s 



The density of a cylindrical ebieet. Turn the adjustment weight of the trip 

sary to make the reading of the balance show zero. Then place an aluminum cy in er 

m dbs n . M m m m •! J_ ^ A 1 TTTni nfVl AT 'f. IT P P.lllTTll2lUlIl 


cylinder is grams. , # k 

Measure with a meter stick the height of the cylinder and the diameter of one of the ases. 

In order to obtain an accurate measurement of the diameter, place the cylinder crosswise 

between two rectangular blocks of wood and measure the distance between them. The lengt 


of the cylinder is 


centimeters and the diameter is 


centimeters. 


The radius, being half the diameter, is centimeters. 

If possible, check the length and diameter of the cylinder with a vernier caliper or a microm- 
eter gauge. Either of these instruments will enable you to measure far more accurately than 
you can measure with a meter stick. The following sections explain how each instrument 

works and how accurately it measures. 



Vernier caliper. The vernier caliper consists of an arm A, to which is attached a fixed jaw B, 
and along which slides a movable jaw, C. Arm A bears two scales, an upper English scale and a 
lower metric scale. The frame of jaw C also bears two scales, each of which is called a vernier 
scale. The upper vernier scale is used with the English scale on arm A, and the lower vernier 
scale with the metric scale on arm A. In order to measure with the vernier caliper you must 
know how to use the two scales together. 

Since you are using metric quantities in this experiment, give special attention to the 
metric scales on the vernier caliper. Notice that the metric scale on arm A is divided into 
centimeters and millimeters and that the divisions on the vernier scale are slightly smaller. 
When you close the jaws of the vernier caliper, the first line of the vernier scale aligns with the 
first line of the metric scale on arm A and the last or eleventh line of the vernier scale aligns 
with the tenth line of the metric scale on arm A. In other words, ten divisions of the vernier 
scale equal nine divisions of the metric scale on arm A. Since each small division of the metric 
scale is a millimeter, each division of the vernier scale is 0.9 millimeter. The difference between 
single divisions on the two scales is 0.1 millimeter or 0.01 centimeter. This difference indicates 
the “least count” or the smallest accurate reading which may be obtained with the caliper. 

When using the vernier caliper, place the object to be measured between the jaws of the 
caliper and move jaw C until the object is firmly clamped. Then look to see which line of the 
vernier scale aligns with a line on the metric scale of arm A. If the first line or guide line, of 
the vernier scale, happens to align with a line on the metric scale, the latter line indicates the 
measurement. If another line of the vernier scale rather than the first line aligns with a line 
on the metric scale of arm A, you need to make an adjustment in reading. Suppose, for in- 
stance, that the fourth line of the vernier scale aligns with a line on the metric scale of arm 
A. In such case you take the measurement indicated by the line beyond which the first line 
of the vernier scale passes and to this measurement add 0.4 millimeter or 0.04 centimeter. 


Micrometer gauge. The micrometer gauge consists of an arm. A, to which is attached a U- 
shaped frame, the outer arm of which forms a fixed jaw, B. Projecting from the arm through 
the other arm of the U-shaped frame is a movable jaw, C. The arm bears two scales, a hori- 



zontal scale extending lengthwise of the arm and a 
vertical scale extending at right angles to the arm. The 
vertical scale may be moved along the horizontal scale 
by turning the larger milled part of the arm. 

The micrometer gauge, unlike the vernier caliper, 
measures in units of only one system, either Eng Tia h or 
metric. At present you are concerned only with a 
micrometo' gauge that measm*es in metric units. The smallest metric division of the horizontal 
scale on a micrometer gauge is 0.1 centimeter. The vertical scale contains 100 divisions, and 
one complete turn moves the scale 0.1 centimeter along the horizontal scale. Therefore, each 
division of the vertical scale measures one one-hundredth of 0.1 centimeter, or 0.001 centimeter; 
and the "least count” of the micrometer gauge is 0.001 centimeter. 

When using the micrometer gauge, place the object to be measured between the jaws and 
turn the smaller milled part of the handle. Observe that when the jaws come firmly into con- 
tact with the object, the milled part slips, indicating that the object is held properly for measur- 
ing. To read the instrument, note the measmement indicated by the last line to the right on 
the horizontal scale. Then note the measurement indicated by the line on the vertical scale 
that aligns with a horizontal line just above the horizontal scale. Add the two readings, and 
the sum represents the micrometer-gauge measurement. 

According to the vernier caliper or micrometer gauge the length of the aluminum cylinder 

is centimeters. The length of the diameter is centimeters. (In 

measuring the diameter, be careful to obtain the greatest distance across the cylinder.) What 

is the radius of the cylinder? centimeters. 

Use the dimensions obtained by means of the vernier caliper because they are probably 
more accurate than those obtained by means of the meter stick. Calculate the volume of the 
aluminum cylinder by substituting appropriate quantities in the equation V = Trr^h. Accord- 
ingly you find the volume of the cylinder to be cubic centimeters. 

Having determined both the weight and the volume of the cylinder, find the density in the 
same manner as you found the density of the rectangular block of wood. The density of the 

aluminum cylinder is grams per 

Re^rd your findings in the spaces provided for Trial 1 in the following table. Then, 
using either the vermer caliper or the micrometer gauge for measuring the cylinder, repeat 
the experiment and record your findings in the spaces provided for the successive trials. 




Trial 


Weight (ff.) 


Dimensions 


Height (cm.) Diameter (cm.) Radius (cm.) 


Volume (c.c.) Density 
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The density of a spherical ob/ecf. Weigh on a trip balance a steel sphere or b^l in the same 
accurate manner as you weighed the rectangular block of wood and the aluminum cylin er. 


The weight of the steel sphere is grams. 

Measure the diameter of the steel sphere by placing the sphere between two r^tangular 
blocks and measuring the distance between the blocks with a meter stick. The diameter of 

the sphere is centimeters. Check this finding by measuring the diameter with 

a vernier caliper or a micrometer gauge. In taking this measurement, find the greatest dis- 
tance across the sphere as in finding the diameter of the cylinder. According to the latter 

measurement the diameter of the sphere is centimeters. Therefore the radius 


of the sphere is centimeters. 

Using the diameter obtained by means of the vernier caliper or the micrometer gauge, 
calculate the volume of the sphere by substituting found quantities in the equation V = 

The volume of the sphere is cubic centimeters. 

Having determined both the weight and the volume of the sphere, find the density as 


before. The density of the sphere is grams per 

Enter your findings in the spaces provided for Trial 1 in the following table. Then, using 
either the vernier caliper or the micrometer gauge fqr measuring the sphere, repeat the experi- 
ment and enter your findings in the spaces provided for the successive trials. 


Trial 

1 

Weight (g.) 

1 

Dimensions 

Volume (cx.) i 

Density 

Diameter (cm.) 

Radius (cm.) 

1 

1 I 

1 1 



1 

1 


2 ! 

1 

1 





i 

\ 

3 ! 

! 


1 

1 

4 1 

1 

1 

1 

1 


f 



1 

5 ! 

! 






CONCLUSIONS 

1. Why are you concerned with both volume and weight in determining the density of an 
object? 


2. Why should you always adjust the reading of a trip balance to zero before weighing an 
object? 


• • 



s 













3. How should you place a metric rule with respect to the edge of an ebjeet in otder to 

accxirate measurement? 


4. Why is a vernier caliper or a micrometer gauge more accurate for taking measurements than 
a meter stick? 


6. Why is a micrometer gau(;e more accurate than a vernier caliper? 


PRACTICAL APPLICATIONS 

1. How does density help a foundryman to determine how much iron he needs for making a 
casting? 


2. How is an architect or engineer concerned with density in planninc a building? 


3. How does density play a part in tlie manufacture of maple 'vnip or ( orn -yrup'’ 


4. Why must a railroad locomotive be made of material of high den-i-v rather than low density? 


Class Period 


Date 


Name 


^EXPERIMENT THREE 

Pressure of Liquids 

( 7 ) What is the relation between the pressure exerted by a liquid upon a submerged 
object and the depth of submersion? 

(2) What is the relation between the pressure exerted by a liquid upon a submerged 
object and the density of the liquid? 

References: Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 272-297 

Practical Heat, by Terrell Croft and R. B. Purdy, pages 5-8 
Science for the Citizen, by Lancelot Hogben, pages 354-360 

Introduction. Whenever an object is wholly or partially submerged in a liquid, the liquid exerts 
pressure upon the object. The amount of the pressure depends upon two factors: (1) the depth 
of the object beneath the surface, and (2) the density of the liquid. That depth affects pressime 
is shown by the fact that a deep-sea diver can descend only about 300 feet beneath the surface. 
Below this depth the pressure becomes too great even for the heavy armor that he wears as a 
protection. That density affects pressure is shown by the fact that the same object sinks in 
one liquid and floats in another. Thus a person’s body readily sinks in ordinary fresh water or 
sea water, but it merely floats in the water of Great Salt Lake, which has a much higher density. 
Your problem in this experiment will be to find the exact relation between pressure and depth 
and pressure and density. 

In performing the experiment, you will apply a method widely used in science ; namely, 
a method of changing one factor and observing the effects on another factor. For instance, in 
the first part of the experiment you will change the depth of the submerged object and deter- 
mine how different depths affect the pressure upon the object. In the second part of the experi- 
ment you will place the object at the same depth in liquids of different densities and determine 

how different densities affect the pressure upon the object. A procedure of this kind is a phase 
of the scientific method. 


APPARATUS 

Glass tube about 110 centimeters long and 4 centimeters in diameter; one-hole rubber stopper 
for the glass tube; glass manometer tube with arms approximately 102 centimeters and 25 
centimeters long; battery jar of 8-pint capacity, support rod, meter stick, clamps, rubber 
tubing, rubber bands, mercury, gasoline, and water. 


PROCEDURE 

T/ie relation between pressure and depth. Set up the apparatus shown in the accompanying 
drawing, being certain that the lower end of the meter stick attached to the glass tube is flush 
wth the lower end of the column of water in the tube. Place about 20 centimeters of mercury 
in the manometer tube and lower the manometer tube into the water in the glass tube. Fill 
the glass jar about half full of water, and raise and lower the jar to modify the level of the water 
in the glass tube, being careful to keep the long end of the manometer tube above the surface 
of the water in the glass tube. Move the jar as necessary to secure a difference of 80 centi 
meters between the level of the water in the glass tube and the level of the mercm-y in the short 
arm of the manometer tube. What is the reading of the mercury levels in the short ai-m 5 


the manometer tube? 


What is the reading of the mercury level in the long arm 

Dynamic Physics References: pages 55-73 
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of the manometer tube? What is 

the difference in height between the two mercury 

levels in the manometer tube? 

This difference between the two mercury levels 
represents the presstire in centimeters of mercury 

caused by the 

Repeat the experiment, moving the jar until 

the difference between the water level in the glass 
tube and the mercury level in the short arm of the 
manometer tube is 70. What is the reading of the 
level in the long arm of the manometer tube? 

What is the reading of the mercury 

level in the short arm of the manometer tube? 

What is the difference in height 

between the two mercury levels in the manometer 

tube? 

Repeat the experiment, moving the jar until 
the difference between the water level in the glass 
tube and the mercury level in the short arm of the 
manometer tube is 60 centimeters. What is the 
reading of the mercury level in the long arm of the 

manometer tube? "What is the 

reading of the mercury level in the short arm of the 

manometer tube? What is the dif- 

ference in height between the two mercury levels 

in the manometer tube? 

Repeat the experiment, moving the jar until the difference between the water level in 
the glass tube and the mercury level in the short arm of the manometer tube is 50 centi- 
meters. What is the reading of the mercury level in the long arm of the manometer tube? 

What is the reading of the mercury level in the short arm of the manometer tube? 

What is the difference in height between the two mercury levels in the manom- 
eter tube? 

Repeat the experiment, moving the jar until the difference between the water level in the 
glass tube and the mercury level in the short arm of the manometer tube is 40 centi- 
meters. What is the reading of the mercury level in the long arm of the manometer tube? 

What is the reading of the mercury level in the short arm of the manometer tube? 

What is the difference in height between the two mercury levels in the manom- 
eter tube? 

In the foregoing experiments the difference between the level of the water in the glass 
tube and the level of the mercury in the short arm of the manometer tube was reduced from 
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80 centimeters to 40 centimeters. How did this reduction affect the difference in height between 
the two mercury levels in the manometer tube? 



What caused this result? 


What conclusion can you form from the foregoing about the relation between pressure and 
depth? 


The relation between pressure and density. To determine the relation between pressure and 
density, you perform the same experiment, using gasoline instead of water. Gasoline has 
less density than water; hence by comparing the results obtained from gasoline with the results 
obtained from water, you can readily see how pressure is affected by density. The results 
obtained in the various steps are as follows: 

(a) When the difference between the gasoline level in the glass tube and the mercury 
level in the short arm of the manometer tube is 80 centimeters, what is the reading of the 

mercury level in the short arm of the manometer tube? What is the reading 

of the mercury level in the long arm of the manometer tube? What is the 

difference in height between the two mercury levels? 

(&) When the difference between the gasoline level in the glass tube and the mercury 
level in the short arm of the manometer tube is 70 centimeters, what is the reading of the 


mercury level in the short arm of the manometer tube? What is the reading 

of the mercury level in the long arm of the manometer tube? What is the 

difference in height between the two mercury levels? 


(c) When the difference between the gasoline level in the glass tube and the mercury 
level in the short arm of the manometer tube is 60 centimeters, what is the reading of the 


mercury level in the short arm of the manometer tube? What is the reading 

of the mercury level in the long arm of the manometer tube? What is the 

difference in height between the two mercury levels? 


(d) When the difference between the gasoline level in the glass tube and the mercury 
level in the short arm of the manometer tube is 50 centimeters, what is the reading of the 


mercury level in the short arm of the manometer tube? What is the reading 

of the mercury level in the long arm of the manometer tube? What is the 

difference in height between the two mercury levels? 


(c) ^Tien the difference between the gasoline level in the glass tube and the mercury 
level in the short arm of the manometer tube is 40 centimeters, what is the reading of the 
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mcrany level in the short arm of the manometer tube? What is the reading df 

the mexeuiy levd in the long arm of the manometer tube? What is the difference 

in height between the two mercury levels? 


Now com^ obtained with gasoline with those obtained from correspondine 

steps with water. Is the difference in the height of the two mercury levels greater or le^ in 

• . m 

conclusion can you form from this finding about the rela- 
tion between pressure and density? 


In determinmg the relation between pressure and density, why did you need to use the 
same differences between the gasoline levels and the mercury levels as you used between the 

water levels and the mercury levels in the first part of the experiment? 


COMPOSITE RECORD 

^ ^ K P«;®*wre and depth. Let h. K K K and h represent the heights of 

^LnrnfTh mercury in the short arm of the manometer in the respective 

steps of the preceding expenment and p„ p„ p„ and p, represent the pressures at the cor- 

responing heights. Fill in the first two columns in both of the following tables with appro- 
priate data. In the next three columns supply the numerical fractions called for by ^the 

columns provide the quotients obtained 
by di%nding the numerators of the preceding fractions by the denominators. If you have 

performed the expenment accurately, all the numbers in first check column should be the 

number in the third ch^k column. The quantities should check in this manner to show: Lt 

Pn (Pi, Pi, Pi, etc.) constant value; and second, that the proportion ^ =— always 
holds txue. 


icaler: 



With gasoline: 




h 

h 

hn 

1 

h 

Pn 

1 

Checks 

h 

P 


f V 

P 

hi 

pn 

hi 

hn 

El 

Pn 

hi 

1 

p\ \ 

hi 

Pi 

1 

h ' 

h\ 

Pi 

Pt 

hi 

Pi 

hi 1 

hi 

Pi 

Pi 



hi 


h 

Pi 

hi 

! 

h\ 

Pi 



hz 

P2 




Pi 

P2 


ht 

P2 



hi 

pi 

P3 

hi 

hi 

Pi 

pa 

ht 

In 

hi 

Pi 

pa 

hi 

pi 

fu 

p* 

hi 

h4 

Pi 

Pi 

hi 

p* 

hi 

fu 

Pi 

P4 


1 

hi 


hi 


hh 


1 

hi 




^5 

Pi 

Pi 


hi 

pi 

Pi 


hi 

Pi 




The relation between pressure and density. Let pwi, pwz, pWi, pwt, and pw^ represent the 
pressure obtained in water in the steps of the foregoing experiment; and let gwi, gwz, gws, gWi, 
and gwf, represent the pressure obtained in gasoline. Record these pressures in the appro- 
priate spaces in the second and third columns of the following table. In the fourth column 
supply the numerical fractions called for by the respective combinations of letters. In the 
fifth column supply the numerical fractions indicated by the letters, using the density of gaso- 
line provided by the teacher. All the entries in this column should be the same, since the 
densities are constant. In the last two columns provide the quotients obtained by dividing 
the numerators of the preceding fractions by the denominator. If you have performed the 
experiment accurately, each number in the first check column should be the same as the cor- 
responding number in the second column. The quantities should check in this manner to show 

that the following proportion is true: — =^. 

Pi di 


h 

Pressure of 
Water, pw 

Pressure of 

PWx 

dwi 

dgn 

Check 

Gasoline, gw 

PQn 

ptOi 

PQn 

dw\ 

80 cm. 

piOi 

PQi 

pwi 

POi 


pwi 

P9i 


70 cm. 

PW2 

1 

Pff2 

pwi 

PQi 


pwi 

■ pgz 


60 cm. 

pWl 

Pffa 

pwi 

P£73 


pwi 

P9i 


50 cm. 

pWl 

1 

PQi 

pwi 

P9* 


PWi 

P9i 


40 cm. 

pWi 

1 

PQi 

pwt 

P9i 


pwi 

P9i 



CONCLUSIONS 

1. What relation exists between the pressure exerted by a liquid and the depth beneath the 
surface? 
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2. In performing this ezperimrat, how did you vary the depth of the liquids to note the effects 
of depth upon pressure? 


3. Using data from the experiment, plot graphs on the same coordinates to show the relation 
between pressure and depth in water and between pressure and depth in gasoline. 


4. What relation exists between the 


pressure exerted by a liquid and the density of the liquid? 


5. In performing this experiment, how did you control the density to note the effect of den- 


sity upon pressure? 


6. Using data from the experiment, plot a graph to show the relation between pressure and 
density. 


PRACTICAL APPLICATIONS 

1. What advantage is gained by placing a standpipe on high ground? 


2. How 


IS water pressure obtained in many city water systems without the help of gravity? 


3. Why is high pressure necessary in a city water system for fire protection? 


• 4 


4. How is a submarine built to withstand the varying pressure of water as it ri 




• ■ 




• # 


rises and sub- 


merges? 
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Class Period 


Date 


f 


Name 


^EXPERIMENT FOUR 


Archimedes’ Principle 

How much less does a body appear to weigh in a liquid than in air? 

References: Elementary Practical Mechanics, by J. M. Jameson and C. W* 

Banks, pages 286-290 

Science for the Citizen, by Lancelot Hogben, pages 360-366 
Through Space and Time, by Sir James Jeans, pages 23—24 

Introduction. Doubtless you have observed many times that you can lift a heavy object much 
more easily in water than in air. The force of gravity pulls on the object just as hard in water 
as in air, but the water buoys the object up more than air buoys it up. The object weighs more 
in air than in water because the air that the object displaces weighs less than the water that 
the object displaces. In this experiment you will consider the buoyancy of water and other 
liquids, and in a later experiment the buoyancy of air. According to a long-established principle, 
known as Archimedes' principle, a liquid buoys an object up with a force equal to the weight 
of the liquid displaced. If the weight of the object is less than the weight of the liquid displaced, 
the object floats, or remains only partially submerged. If the weight of the object is greater 
than the weight of the liquid displaced, the object sinks, or becomes completely submerged. 
Whether an object floats or sinks, however, it appears to lose weight for the reason mentioned. 

APPARATUS 

Aluminum cylinder, steel sphere or ball, rectangular block of wood, battery jar of 8-pint 
capacity, trip balance, water, gasoline, and copper sulfate (CuSo 4 ). 


PROCEDURE 


The loss of weight of an object that sinks 

An aluminum cylinder in water. Weigh in grams 
the aluminxun cylinder in both air and water, and 
then subtract the weight in water from the weight 
in air to determine the apparent loss of weight in 
water. The weight of the cylinder in air is 

grams. The weight of the cylinder 

in water is grams. The apparent 

loss of weight of the cylinder in water is 

grams. 

Calculate the volume of the cylinder to deter- 
mine the volume of water that it displaces when 

submerged- The volume of the cylinder is 

cubic centimeters. Multiply this volume by one to 
obtain the weight in grams, since one cubic centi- 
meter of water weighs one gram. The weight of 

the displaced water is grams. If you 

have weighed the cylinder accurately, this quan- 



tity should be exactly the same as the apparent loss of weight secured above. 
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AateelbaUin water. Repeat the exi>eriment, using the steel sphere or ball instead of thot^Mndai.^ 


The ¥^eight of the sphere in air is grams. The weight of the sphere in water is 

grams. The apparent loss of weight of the sphere in water is grams. 

The volume of the sphere is cubic centimeters. The weight of the displaced water 

is grams. 

From the forgoing experiments with water, what relation would you say exists between 
the loss of weight of an object submerged in water and the weight of the water displaced? 


An aluminum cylinder in gasoline. Repeat the experiment, using the aluminiim cylinder and 

gasoline. The weight of the cylinder in air is grams. The weight of the cylinder 

in gasoline is grams. The apparent loss of weight of the cylinder in gasoline is 


grams. The volume of the cylinder is cubic centimeters. Ask 

your instructor for information concerning the density of gasoline and compute the weight 

of the gasoline displaced. The weight of the displaced gasoline is grams. 

A steel sphere or ball in gasoline. Repeat the experiment, using the steel sphere or ball and 

gasoline. The weight of the steel sphere in air is grams. The weight of the steel 

sphere in gasoline is grams. The apparent loss of weight of the steel sphere in 

gasoline is grams. The volume of the sphere is cubic centimeters. 

The weight of the displaced gasoline is grams. 

From the foregoing experiments with gasoline, what relation would you say exists be- 
tween the loss of weight of an object submerged in gasoline and the weight of the gasoline 

displaced? 


An aluminum cylinder in copper sulfate. Repeat the experiment, using the aluminum cylinder 

and copper sulfate. The weight of the cylinder in air is grams. The weight of the 

cylinder in copper sulfate is grams. The apparent loss of weight of the cylinder 

in copper sulfate is grams. The volume of the cylinder is cubic 

centimeters. Ask your instructor for information concerning the density of copper sulfate 
and compute the weight of the liquid displaced. The weight of the copper sulfate displaced is 


grams 


A steel sphere or ball in copper sulfate. Repeat the experiment, using the steel sphere or ball 
and copper sulfate. The weight of the steel sphere in 


grams. The weight 
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of the steel sphere in copper sulfate is grams. The apparent loss of weight of the 

steel sphere in copper sulfate is grams. The volume of the sphere is 


cubic centimeters. The weight of the displaced copper sulfate is 

From the foregoing experiments with copper sulfate, what relation would you say exists 
between the loss of weight of an object submerged in copper sulfate and the weight of the copper 


sulfate displaced? 


The loss of weight of an object that floats 

A block of wood in water . Weigh in grams the block of wood in air. Then place the block in 
water and determine in cubic centimeters the volume of the part of the block that is submerged. 
The volume of the submerged part equals the volume of the water displaced. This volume 
multiplied by one, since each cubic centimeter of water weighs one gram, gives the weight in 

grams of the displaced water. The block of wood weighs grams in air. The 

volume of the part of the block submerged in water is cubic centimeters. The 

weight of the displaced water is grams. If you have calculated correctly, this 

quantity should be exactly the same as the weight of the block in air. 

A block of wood in gasoline. Repeat the experiment, using gasoline instead of water. The block 

of wood weighs grams in air. The volume of the part of the block submerged 

in gasoline is cubic centimeters. Ask your instructor for information concerning 

the density of gasoline and compute the weight of the gasoline displaced. The weight of the 

displaced gasoline equals grams. 

A block of wood in copper sulfate. Repeat the experiment, using copper sulfate. The block of 
wood weighs grams in air. The volume of the part of the block of wood sub- 
merged in copper sulfate is cubic centimeters. Using information obtained from 

your instructor concerning the density of copper sulfate, compute the weight of the copper 

sulfate displaced. The weight of the displaced copper sulfate is grams. 

From the foregoing experiments with a block of wood, what relation would you say exists 

between the loss of weight of a floating object and the weight of the liquid displaced? 


COMPOSITE RECORD 

Using the data obtained from the foregoing experiments, complete the chart on the following 
page. If you have performed the experiments accurately and calculated correctly, your entries 
in the second column should be the same as those in the fifth column. Entries in the last column 
represent errors, and the greater the value of the entries the greater are the errors. 
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Arrangement 


Cylinder in 
water 


Cylinder in 
gasoline 

Cylinder in 
copper sulfate 

Sphere in 
water 

Sphere in 
gasoline 

Sphere in 
copper sulfate 

Block of wood 
in water 

Block of wood 
in gasoline 

Block of wood 
in copper 
sulfate 


Volume op 
Displaced 

LiQxnD 


Weight op 
Displaced 
Liquid 


Weight op 
Object in 
Air 


Weight op 
Object in 
Liquid 


Apparent 

Loss OF 

Weight op 
Object in 
Liquid 


Difference between 
Entries in Second 
and Fifth Columns 


CONCLUSIONS 


1, Any object, either submerged or floating in a liquid, apparently loses weight equal to . . . 


2. When an object sinks in a liquid, its weight is than the weight of the liquid 

displaced; when it floats, its weight is than the weight of the water displaced. 

3. An object sinks farther in a liquid of low density than in a liquid of ... . 


4. A boat sinks in the 


ocean than it does in a river emptying into the ocean. 


PRACTICAL APPLICATIONS 

1. Why does a life preserver enable a person to float? 


2. How may a swimmer change the weight of the water displaced by his body so that he may 
either float or sink? . . . 


3. How does a submarine change the weight of the water it displaces so that it may float or 

dive? 
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Date 


Name 
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^EXPERIMENT FIVE 


Specific Gravity off Objects Heavier than Water 

How would you determine the specific gravity of objects that are heavier than water? 

References: Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 286-290 

Science for the Citizen, by Lancelot Hogben, pages 360—366 
Through Space and Time, by Sir James Jeans, pages 23—24 

Introduction, Specific gravity is the ratio of the weight of a substance or object to the weight 
of an equal volume of water at 4° Centigrade. The weight of water changes very little with 
variations in temperature, however, and hence the temperature for practical purposes may be 
ignored provided that it corresponds to ordinary environmental conditions. Specific gravity 
is very useful in science because it enables the scientist to make comparisons in density. Water 
is used as a standard because it is readily accessible and the easiest method of determining 
specific gravity requires the application of Archimedes' principle. 


APPARATUS 

Aluminum cylinder, steel sphere or ball, any irregular-shaped object heavier than water, and 
trip balance. 

PROCEDURE 

Weigh the aluminum cylinder both in air and in water and determine the loss of weight in 
water in grams. Then divide the weight in air in grams by the loss of weight in water in grams 
to determine the specific gravity of the cylinder. The weight of the aluminum cylinder in air 

is grams. The weight of the cylinder in water is grams. The 

9 

loss of weight in water is grams. The specific gravity of the cylinder is 

Repeat the experiment, using the steel sphere 
or ball rather than the aluminum cylinder. The 

weight of the steel sphere in air is 

grams. The weight of the sphere in water is 

grams. The loss of weight in water 


is grams. The specific gravity of 

the sphere is 

Repeat the experiment, using an irregular- 
shaped object heavier than water. The weight of 


the irregular-shaped object in air is 


grams. Its weight in water is grams. 

The loss of weight in water is grams. 

The specific gravity of the irregular-shaped object 


IS 



Dynamic Physics References: pages 84-88 
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COMPOSITE RECORD 


Record your findings from the experiment in the following chart. In the next to the last columi 
enter the accepted specific gravities of the objects, provided they are known to the instructor 
Compare these known specific gravities with your calculated specific gravities and in the Iasi 
column recmtl the pocentages of error. 


! Weight OP 
Objgct in 

1 Am 

4 

Weight op 
Object in 
Water 

Loss OF 
Wbigbt 

IN Water 

Experi- 

mental 

Specific 

Gravity 

ACCESTliD 

Specific 

Gravity 

Percentage 

OF Error 

J 

• 

1 

i 





1 

1 

1 



1 


• 

1 

1 

1 

I 

• 

. 1 

i 

\ 

j 



1 

1 

1 

) 

4 

1 

f 

1 





CONCLUSIONS 


1. Specific gra\nty ma 5 ' be defined as 


2. In finding the specific gra\nty of an object, you divide the 


by 


3. In the S 3 'stem of 


measurements the numerical values of specific gravity 


and density are the same, but in the system 


they are different. 


PRACTICAL APPLICATIONS 


1. hy IS specific gra\nty an important factor in the selection of materials for ships? 



W hy is specific eravity used 


m calculating the weight of metal needed for a casting? 


• • 


o 


Ho» i. a fisherman concerned with specific gravity in the preparation ot fishing tackle? 


« • 
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^EXPERIMENT SIX 

Specific Gravity of Obfects Lighter than Water 

How would you determine the specific gravity of objects that are lighter than water? 

References: Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 286-290 

Science for the Citizen, by Lancelot Hogben, pages 360-366 
Through Space and Time, by Sir James Jeans, pages 23—24 

Introduction. Specific gravity, as indicated in the preceding experiment, is the ratio of the 
weight of a substance or object to the weight of an equal volume of water at 4° Centigrade. 
In finding the specific gravity of an object heavier than water, you weighed the object both 
in air and in water and divided the weight in air by the apparent loss of weight in water . In 
finding the specific gravity of an object lighter than water, you will use a different method, be- 
cause the object won’t sink. In this case you will distinguish between objects of regular shapes, 
such as a rectangular block of wood, and objects of irregular shapes, such as a split stick of 
wood. In the case of objects of regular shapes you will merely measure and weigh the objects 
to compute the specific gravity, and in the case of objects of irregular shapes you will attach 
a sinker and take appropriate weights for the purpose. 

APPARATUS 

Rectangular block of wood, wooden cylinder, irregular-shaped stick of wood, irregular-shaped 
piece of paraffin, sinker, meter stick, trip balance, and weights. 

PROCEDURE 

With objects of regular shapes. Measure in centimeters the length, breadth, and thickness of 
the rectangular block of wood. From these measurements determine in cubic centimeters the 
volume of the block. Multiply this volume by one to determine the weight of an equal volume 
of water (since one cubic centimeter of water weighs one gram). Then weigh in grams the 
block of wood in air and divide this weight by the weight of an equal volume of water to 

obtain the specific gravity. The volume of the rectangular block of wood is 

cubic centimeters. The weight of an equal volume of water is grams. The 

weight of the block of wood in air is grams. The specific gravity of the block 

of wood is 

Measure in centimeters the length and diameter of the cylindrical block of wood. From 
these measurements determine the volume of the block. Compute the specific gravity in the 
same manner as you determined the specific gravity of the rectangular block of wood. The 

volume of the cylindrical block of wood is cubic centimeters. The weight of 

an equal volume of water is grams. The weight of the block of wood in air is 

grams. The specific gravity of the block is 

Repeat the experiment, using any regular-shaped object lighter than water. 
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With obitts of irregular shapes. Weigh in grams the irregular-shaped stick of wood. Attach 
a sinker to the stick and weigh the two together with the stick in air and the sinker in water 
Weigh the two again with both the stick and the sinker in water. Subtract the latter weight 
from the weight of the stick in air and the sinker in water to obtain the weight of a volume of 

water equal to the volume of the stick. Divide 
the weight of the stick in air by the weight of au 

^ equal volume of water to obtain the specific 

gravity of the stick. The weight of the irreg ula r 

stick in air is grams. The weight 

jeT of the combination with the stick in air and the 








both paraffin and sinker in water is 


sinker in water is grams. The 

weight of the combination with both stick and 

sinker in water is grams. The 

weight of an equal volume of water is 

grams. The specific gravity of the stick of wood 


is 


Repeat the experiment, using the irregular- 
shaped piece of paraffin instead of the stick of 

wood. The weight of the paraffin in air is . . . 


grams. The weight of the combination with 

paraffin in air and sinker in water is grams. The weight of the combination with 


grams. The weight of an equal volume of 


grams. The specific gravity of the paraffin is 

Repeat the expenment, using any irregular-shaped object lighter than water, 
ful, however, to avoid any substance that will dissolve in water. 


Be care- 


COMPOSITE RECORD 

RMord your findings from the experiment in the following charts. In the next to the last 

rprndi"taoZ to SfinsZT^'^r^”' mayZ foun^ta fte 

calculated specific gravities and in the tot cSTrecoZ 

F or regular-shaped objects lighter than water: 


Object 


Weight 

IN Air 


Vc^UME IN Weight op 
Cubic Equal Volume, 
Centimeters of Water 


Experimen- 

tal 

Specific 

Gravity 


Accepted 

Specific 

Gravity 


Percentage 

OP 

Error 
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For irregulaT'-shaped objects lighter than water: 



Object 


Weight 
IN Air 


Weight op 
Object IN 

Am AND 

Sinker IN 
Water 


Weight of 
Object AND 
Sinker IN 
Water 


Difference 

IN 

Weight 


Expe 
mental 
Specific 
Gravity 


Accepted 

Specific 

Gravity 


Percentage 
OF Error 



CONCLUSIONS 

1. Why is it necessary to use a sinker with an irregular-shaped object lighter than water in 
determining the specific gravity of the object? 


2. Why does the combination of sinker and object lighter than water weigh less when both 
the sinker and the object are under water than when the sinker is under water and the 

object is in air? 


3. Why is it unnecessary to weigh the sinker in air in determining the specific gravity of an 
object lighter than water? 


4. Why does it require force to hold under water an object that is lighter than water? 


5. If the specific gravity of wood is given as 0,8, what does the 0.8 mean? 


PRACTICAL APPLICATIONS 

1. Why is specific gravity an important factor in the building of buoys? 


• • 



3 




2. Why does a flatboat or barge support more weight than a boat of the usual shape? 


3. How is a floating cork sometimes used in fishing? 


4. How can specific gravity be used to explain why an iceberg floats? 


5. Why does a ship float even though its hull is made of metal much heavier than water? 
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^EXPERIMENT SEVEN 


Specific Gravity of Liquids 

How would you find the specific gravity of liquids? 

References: Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 286-290 

Science for the Citizen, by Lancelot Hogben, pages 360-366 
Through Space and Time, by Sir James Jeans, pages 23-24 

Introduction. Whenever a worker at an automobile service station tests a battery, he checks 
the liquid in the battery — namely, a solution of sulfuric acid — with an instrument known as 
a hydrometer. With this instrument he withdraws some of the liquid and notes on a scale 
how high a float rides in the liquid. The height of the float with the consequent reading on the 
scale indicates the specific gravity of the liquid. In this experiment you will find the specific 
gravity of liquids by three methods: first, by the hydrometer method; second, by the flotation 
method; and third, by the loss-of-weight method. 


APPARATUS 

Hydrometer jar, hydrometer for liquids lighter than water, hydrometer for liquids heavier 
than water, wooden cylinder, irregular-shaped piece of metal, trip balance, water, gasoline, and 
copper sulfate. 

PROCEDURE 

The hydrometer method. Fill the hydrometer jar nearly full of gasoline and place the hydrom- 
eter for liquids lighter than water in the gasoline. Take the reading of the hydrometer at 
the surface of the liquid. Then fill the hydrometer jar nearly full of copper 
sulfate and place the hydrometer for liquids heavier than water in the 


hydrometer 


copper sulfate. Take the reading of the hydrometer at the surface of the p 

liquid. The hydrometer reading for gasoline, or the specific gravity of 

gasoline, is The hydrometer reading for copper sulfate, or 

the specific gravity of copper sulfate, is Enter your findings 

in the appropriate spaces of the following table. Then repeat the experiment 
to check your findings, since you will need to use them later as accepted 
values. 


Trial 

Specific Gravity 

Specific Gravity of 

OF Gasoline 

1 

Copper Sulfate 

1 

1 

1 


2 

1 

1 

1 


The flotation method. Fill the hydrometer jar nearly full of water, place a 
wooden cylinder in the water, and measure in centimeters the distance the 
cylinder sinks. Fill the hydrometer jar nearly full of gasoline, place the 
cylinder in the gasoline, and measure the distance in centimeters the cyl- 
inder sinks. Divide the distance the cylinder sinks in water by the distance 
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it sinks in gasoline to find the specific gravity of the gasoline. The cylinder sinks 


centimeters in water and 


centimeters in gasoline. The specific gravity of the 


gasoline is Using the specific gravity that you obtained by the hydrometer 

method as the accepted sjjecific gravity, calculate your percentage of error. Enter your find- 
ings in the appropriate spaces of the following table. 

Repeat the experiment, using copper sulfate in place of the gasoline. The cylinder sinks 

centimeters in water and centimeters in copper sulfate. The 


sjiecific gravity of the copper sulfate is Using the specific gravity which you 

obtained by the hydrometer method as the accepted specific gravity, calculate your percentage 
of error. Enter your findings in the following table as before. 


Liquid 

Le2s^gth of Cylinder 

BENEATH SURFACE 

Experimental 

Specific 

Gravity 

Accepted Specific 
Gravity 

Percentage op 
Error 

1 

Water 





Gasoline 




1 

Copper sulfate 

1 


1 

1 


Tfie loss-of-weighr method. Weigh in grams a small piece of metal both in air and in water and 
determine its loss of weight in water. This loss of weight represents the weight of the water 
displaced. Weigh in grams the same piece of metal in gasoline and determine its loss of weight 
in gasoline. This loss of weight represents the weight of the gasoline displaced. These findings 
enable you to compare the weights of equal volumes of the water and gasoline, since the metal 
displaced the same volume of one as of the other. Divide the loss of weight in gasoline by the 
loss of weight in water to determine the specific gravity of the gasoline. The weight of the 

piece of metal in air is grams. The weight of the piece of metal in water is 


grams. The loss of weight of the metal in water is grams. The 

weight of the metal in gasoline is grams. The loss of weight of the metal in 


gasoline is grams. The specific gravity of the gasoline is Using 

the specific gravity that you obtained by the hydrometer method as the accepted specific 

gravaty, calculate your .percentage of error. Enter your findings in the appropriate spaces of 
the following table. 

Repeat the experiment, using copper sulfate in place of the gasoline. The weight of the 


metal in air is grams. The weight of the metal in water is grams. The loss 

of weight of the metal in water is grams. The weight of the metal in copper sulfate 


15 


grams. The loss of weight of the metal in copper sulfate i 


IS grams. The 


specific gravity which you 

FrSr tn er method as the specific gravity, calculate your percentage of error. 

Enter your findings in the appropriate spaces of the following table. 
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Fluid 

Weight op 
Object (in g ,) 

Loss OF 

Weight (in g .) 

Experimental 

Specific 

Gravity 

Accepted Specific 
Gravity 

Percentage op 
Error 

Air 






Water 

1 





Gasoline 

1 


1 



Copper sulfate 

1 

1 






CONCLUSIONS 

1. What do you understand by specific gravity? 


2. What is the difference between a hydrometer for liquids lighter than water and a hydrom- 


eter for liquids heavier than water? 


3. Why does the distance a piece of wood sinks in water divided 


by the distance it sinks in 


another liquid give the specific gravity of the other liquid? 


4. Why does the loss of weight of an object in a liquid divided by the loss of weight of the 


object in water give the specific gravity of the liquid? 


5. How do you obtain the weights of equal volumes of liquids by the loss-of- weight method? 


6. How does specific gravity differ from density? 
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PRACTICAL APPLICATIONS 



Hoir does an attendant at an 


automobile service station depend upon specific gravity in 


the battery of an automobile? 


2. Why is a chemist concCTned with the sp)ecific gravity of liquids? 


3. Meniion several liquids that you would exp>ect to have a relatively low specific gravity. 


4. Mention several liquids that you would expect to have a relatively high specific gravity. 



Class Period 


Date 


Name 


EXPERIMENT EIGHT 

Pressure and Buoyancy of Air 

( 7 ) How can you measure the pressure of air? 

(2) How can you determine the buoyancy of air? 

Rkferences: Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 298-310 

Science for the Citizen, by Lancelot Hogben, pages 370-390 

Introduction. Since air is an invisible gas, you may almost forget that it exists except when 
you meet its resistance in running or riding or when you feel the force of the wind. As a matter 
of fact, air has weight and exerts pressure in much the same manner as water. This pressure 
is sufficient to support a column of water approximately 34 feet high or a column of mercury 
76 centimeters high at sea level. Not only does air exert pressure, but it also tends to lift ob- 
jects in much the same manner as water. In other words, air has buoyancy, because Archi- 
medes’ principle applies to gases just as it applies to liquids. According to this principle, 
an object immersed in a gas is buoyed up by a force equal to the weight of the gas displaced. 
A familiar example of the buoyancy of air is found in the ascent of a balloon. 


APPARATUS 

Mercurial barometer, aneroid barometer, round-bottomed flask of one-liter capacity, one- 
hole rubber stopper for flask, glass tubing, rubber tubing, clamp, glass graduate, exhaust pump, 
battery jar of 8-pint capacity, trip balance, weights, and water. 


PROCEDURE 


T/ie pressure of air. Observe the parts of the mercurial barometer and from these parts 
form an understanding of how the barometer indicates the pressure of air. Learn to adjust 
the thumbscrew at the bottom of the barometer and to take the barometer reading. The 


present reading of the mercurial barometer is centimeters 

or inches. Remember that this reading may be slightly 

different from the reading tomorrow, because barometric readings are 
affected by weather conditions. 

Examine the aneroid barometer and become acquainted with the 
principle by which it works. What is the barometric reading according to 

the aneroid barometer? centimeters or inches. 

The buoyancy of air. Assemble the rubber tubing, glass tubing, clamp, and 
rubber stopper, and insert the rubber stopper in the glass flask, as shown in 
the illustration on the following page. Weigh the equipment in grams, 
remembering that the weight includes the weight of air in the flask. The 
weight of the equipment including the air at normal pressure in the flask 

grams. Attach the open end of the rubber tube to an exhaust 

pump and exhaust part of the air from the flask, being careful lest the 
flask break from the greater pressure outside. Close the clamp on the 
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gloss tube 



rubber tube and weigh the flask with its attachments as before 
remembering that the weight of the air in the flask is less 
before. The weight of the equipment including air at greatly 


reduced pressure is 

weight from the former weight 
removed by the exhaust pump. 


grams. Subtract the latter 
to find the weight of the air 
The weight of the displaced 


air is grams. Place the flask with attachments in a 

battay jar of water with the open end of the rubber tube imder 
water and open the clamp slowly to allow water to flow into the 
flask. When no more water flows into the flask, close the clamp 
under water. Remove the flask from the bell jar, open the clamp 
again, and allow the water to run into a glass graduate. This 
quantity of water, measured in cubic centimeters, exactly equals 
the number of centimeters of air removed by the exhaust pump. 

The quantity of displaced air is cubic centimeters. 

V divnde the total weight in grams of the air removed from the flask by the total volume 
centimeters of the removed air to determine the weight of air in craTtis nar 


meter. According to this finding, a cubic centimeter of air weighs grams. 


CONCLUSIONS 

1. The mercurial barometer shows that air exerts pressure because the instrument contains a 
supported by the air. 

2. Another type of barometer which works on a different principle from the mercurial barom- 
eter is the 


3. Air has 
liquids. 


because Archimedes’ principle applies to gases as well as to 


4. The pressure and buoyancy of air are caused by its 


PRACTICAL APPLICATIONS 

1. Vihy must the distance between the lower valve of a lift pump and the level of water in a 
well or cistern never exceed 34 feet? 


2. \\ hy does a tin can collapse when the air is exhausted from the inside? 


3. Why does a balloon cease rising when it reaches a certain height? 
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NABfE 


EXPERIMENT NINE 

Air Pressure and the Airplane 

( 7 ) How do the principal external parts of an airplane^ because of their design, 

either use or minimize the pressure of air? 

( 2 ) How are airplanes classified on the basis of performance and design? 

References: Airplane Spotter, by Lester Ott 

Airplane Structure, War Department TMl-410 

Civil Pilot Training Manual, C.A.A., No. 23, pages 47-50 

Introduction. All the exterior parts of an airplane are concerned in some manner with the pres- 
sure of air. On the one hand, certain parts must use air pressure in order to move the airplane 
forward; to enable the airplane to climb, descend, or maintain a continuous altitude; and to 
turn the airplane to the right or the left. On the other hand, the same parts and other parts 
through streamlining must reduce the resistance of air pressure to a minimum. This experi- 
ment will help you to think of each part of the airplane in relation to air pressure. 

On the basis of performance and design, airplanes are given different names. This experi- 
ment will help you to classify airplanes, particularly those used by the Army and Navy, and 
to indicate some of their distinguishing characteristics. 

APPARATUS 

Materials for making a model airplane or for making a drawing of an airplane; wind tunnel or 
large electric fan, pictures of different types of airplanes, and descriptions of different types. 


PROCEDURE 

Tfie parts of an airplane in relation to air pressure. If time permits, construct a model air- 
plane, using a fairly common type of airplane as a pattern. Make a goodly number of parts 
on the model movable, such as the propeller, wheels on the landing gear, ailerons on the wings, 
and elevators and rudder on the tail assemblage. Unless you are an expert builder, do not at- 
tempt to provide such smaller movable parts as aileron tabs, elevator tabs, and rudder tabs. 
In designing each part of the model, keep in mind how it must be suited to air pressure. In 
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other words, design the part to take advantage of air pressure or streamline it to minimize the 
resistance of air pressure. 

When you have completed your model, test it by placing it in a wind txmnel or in front of 
a large electric fan. If you use a fan, you may fasten the model to a support in the path of the 
air cvirrent or hold it by hand in the path of the current. If you wish to give the airplane free- 
dom of motion in the path of the current, suspend it by a cord attached to the top of the fuse- 
lage or hold it by means of a cord attached to the nosepiece. Krst give attention to the propeller. 
If the propeller turns rapidly in the path of the air current, you have shaped its blades well; 
but if the propeller turns slowly, you have shaped its blades poorly. Next check the wings, 
fuselage, and tail assemblage for streamlining; that is, to see how smoothly the air passes around 
them. One practical method is to attach pieces of thread to the parts, fastening the threads 
at one end so that they are free to float. If the threads lie close to the parts, you have stream- 
lined the parts well ; but if the threads tend to pull away from the parts, you have shaped the 
parts poorly with respect to resistance. 

If you haven’t time to construct a model airplane, use a ready-made model for perform- 
ing the tests. If no ready-made model is available, make a drawing of an airplane. Label the 
exterior parts to show that you know what and where they are. 

The wings of an airplane. The principles by which the wings of an airplane lift and support 
the airplane will be examined in the following experiment. How do the wings by their shape 

help to minimize the resistance of air pressure? 


The fuselage or hull. How does the shape of the fuselage or hull help to minimize the resistance 
of air pressure? 

In general, how does the shape of the fuselage of a commercial airplane or bomber differ from 
the fuselage of a fighter airplane? 


The landing gears. Why are the landing gears of land airplanes constructed so that they may 
be drawn up into the structure of the airplane? 


Why do the pontoons of seaplanes extend lengthwise of the plane rather than cross'wise? 




SlmCi whth ^“>^3 of the wings and tail 
assemblage which the pilot admsts to bank the airplane, change its elevation, and turn the 

airplane sidewise. What two movable parts on the wings help to modify elevation? 


and 
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What two movable parts attached to the stabilizer in the tail assemblage help to modify 

elevation? and 

What two movable parts attached to the fin help to turn the airplane sidewise? 

and 

The engine and the propeller. The principal purpose of the engine in an airplane is to turn the 
propeller, which pulls the airplane forward much as a screw bores into wood. 

How are the blades of a propeller shaped to secure leverage from the air? 


Classification of airplanes. Examine pictures of different types of airplanes and read descrip- 
tions of airplanes to become acquainted with the latest t 3 q)es being constructed in our country 
today. Give special consideration to the purposes of the airplanes and to such distinguishing 
characteristics as the number of motors; size, shape, and attachment of wings; size and shape 
of fuselage and tail assemblage. Enter your findings in the following chart: 



CONCLUSIONS 

1. Under what four headings may the more important parts of an airplane be grouped? 


2. Which of the more important parts of an airplane are stationary with reference to the 
structure of the airplane? 
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Which of the more important parts are movable? 


3. Which parts of the airplanes are most concerned with air pressure? 


4. What are some of the disti n guish in g characteristics of different types of airplanes? 


PRACTICAL APPLICATIONS 

1. Why must the propeller of an airplane have diagonally shaped blades? 


2. ’VNTiy must the exterior parts of an airplane be streamlined? 


3. "VVliy is it important to know different types of airplanes in use today? 


4. hy is it important to know the distinguishing characteristics of airplanes? 
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EXPERIMENT TEN 

Bernoulli’s Principle and the Airplane 

How does the relative motion of air help to support an airplane ? 

References: Aerodynamics for Pilots, C.A.A. No. 26, pages 12-29 

Civil Pilot Training Manual, C.A.A. No. 23, pages 1 -30 
Practical Navigation, C.A.A. No. 24, pages 24-53 

Introduction,. The lifting force of an airplane may be explained by a long-established principle 
of physics, known as Bernoulli’s principle. According to this principle, the normal pressure^ of 
a fluid, either liquid or gas, decreases as the velocity increases and increases as the velocity 
decreases. As the air passes over the curved upper surface of an airplane wing, it travels faster 
than the air that passes beneath the fairly straight undersurfaces of the wing. The difference 
in the velocity causes the air above the wing to exert less pressure than the air beneath the 
wing, and the difference in pressure provides the lifting force of the airplane. 

APPARATUS 

Pieces of cardboard about four inches square, spool, thumbtack, tennis ball, short piece of 
glass tubing, piece of cord, model airplane, and air tunnel or electric fan. 

PROCEDURE 

Demonstrating Bernoulli’s principle by simple experiments. Punch a thumbtack through the 
center of a cardboard and place the projecting point of the thumbtack in one end of a spool. 
Hold the spool in a vertical position, with the cardboard flat against the lower end of the spool. 
Blow into the upper end of the spool, at first lightly, and 
then release the cardboard and gradually increase the cur- 
rent. Why does the cardboard cling to the bottom of the 

spool? 


Suspend a tennis ball by a cord so that it is free to move. 
Blow a current of air through a glass tube past one side of 
the ball. Why does the ball move toward the current of air? 


Testing a model airplane. Fasten short pieces of thread to the upper and lower surfaces of the 
wing of your model airplane, allowing them to extend slightly beyond the rear edge of the 
wing. Place the airplane in an air tunnel or, if this is impossible, hold it before a large electric 
fan. In the latter case, hold the airplane by means of a cord attached to the nosepiece, so that 
it has no means of support. If the airplane does not assume a steady longitudinal position in 
the air current, adjust the ailerons and elevators as necessary to cause it to maintain this 
position. Observe the behavior of the pieces of thread attached to the wing. These threads 
indicate the direction of the streamlines that pass above and below the wing. Make a drawing 
to show the relative direction of the streamlines. How does the relative direction of the stream- 
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lines explain the fact that the airplane remains aloft? 


In this cotmecdon you may also want to observe how the control surfaces of the airplane affect 
the movements of the airplane. First adjust the ailerons and elevators as necessary to cause 
the airplane: (o) to dimb, or point upward; and (6) to glide, or point downward. What is the 

position of the ailerons and elevators when the airplane points upward? 


What is the position of the ailerons and elevators when the airplane points downward? 


Now adjmt the rudder ^ necessa^ to cause the airplane (a) to turn to the right; and (6) to 
turn to the left. What is the position of the rudder when the airplane turns to the right? 


What IS the position of the rudder when the airplane turns to the left? 


CONCLUSIONS 


an airplane depends upon Bernoulli’s principle. 

2. According to Bernoulli’s principle, the normal pressure of a fluid decreases as the 


increases and increases as the decreases. 


3. 


of the airplane 


4. 


Bernoulli’s principle applies more to the surface of the ... 
than to any other part of the airplane. 

The upper surface of airplane wings are curved to cancrp thp oiV i» 

& c cLuveu to cause the air to move over the surface 


more 


than over the lower surface. 


PRACTICAL applications 


1. Why are the designers of airplanes concerned with Bernoulli's principle? 




2. Why nrust large transport airplanes or bombers have larger wings than fighter aiimlanes? 


• « 
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^EXPERIMENT ELEVEN 

Boyle’s Law 

Whaf happens to the volume of a confined gas if the temperature remains constant 

and the pressure is increased or decreased? 

References: Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 298-307 

Meteorology, by John G. Albright, pages 29-74 

Science for the Citizen, by Lancelot Hogben, pages 366-384 

Introduction. According to Boyle’s law, if the temperature remains constant, the volume of a 
confined gas varies inversely with the pressure. One of the most common examples of the work- 
ing of Boyle’s law is the process of breathing. When you inhale, you expand the volume of 
your lungs and lessen the pressure in the air tubes. Air rushes in because the pressure of air 
outside the body is greater than the pressure of air on the inside. When you exhale, you 
decrease the volume of your limgs and increase the pressure in the air tubes. Air then leaves 
the lungs because the pressure of air inside 
the body is greater than the pressure of air 
on the outside. 

APPARATUS 

Boyle’s-law tube or glass tube of small bore 
about 100 centimeters long sealed at one end 
and containing a column of air trapped by 
about 20 centimeters of mercury; meter stick, 
support rod, barometer, table clamp, right- 
angle clamp, condenser clamp, rubber bands. 

PROCEDURE 

By means of rubber bands, fasten the glass 
tube containing the column of trapped air 
and mercvuy to a meter stick, being cai-eful 
to place the bottom of the tube exactly even 
with the bottom of the meter stick. Mount 
the meter stick and tube, as shown in the 
accompanying illustration, so that they may 
be tilted or tmned to any desired angle. 

Starting with the meter stick and tube in a 
vertical position, make the following find- 
ings: (1) the volume of the trapped air, by 
measuring the distance in centimeters from 
the closed end of the tube to the bottom of 
the column of mercury; (2) the pressure due 
to the vertical height of the mercury, by sub- 
tracting the vertical distance in centimeters 
from the table to the lower end of the column 
of mercury from the vertical distance in 
centimeters from the table to the upper end 
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of the co lumn of maruiy; (3) the total presstire on the column of air, by taking the barometri* 
pressure and algebraically adding it to the pressure caused by the column of mercury. What is 

the length of the column of trapped air measxired in centimeters? centimeters 

What is the v^cal length of the coliunn of mercury measured in centimeters? 

centimeters. What is the total pressure on the column of air? What procedure 

did you follow in finding the total pressure on the column of air? 


• • 


Enter your data in the appropriate spaces of the following table. 

Trim the me^ sti^ successively to positions 30% 60% 90% 120% 150% and 180° from the 

vertical, and obtain similar data for each position. Record the data as before in the appropriate 
spaces of the composite record. 

According to Boyle’s law, if Pi, P,, P,, p^, etc., represent the pressures of the trapped 
column of air at successive positions, and V,. V„ y„ y,, etc., represent the volumes at con- 
stant temperatures, then g g etc. 


yi 


In other words, if we represent any position, ;^ = ^% and if this equation is cleared of 

the product of the pressure and volume at one position always 
^uals the product at pother position, or has a constant value, which may be indicated by K 

d"ec^ anT^'f relationship means that when the pressure increases the vo W 

Enter the products of the pressure and volume for each position in the last column. If you 
have measured and calculated accurately, all the entries in this column shonld ho fho 


Angle 

WITH 

Vertical 


0 ’ 


.30 


60 


Volume of 
Column of 
A m 


r, 


V: 


Vi 


00® 

V* 

120® 

v% 


COMPOSITE RECORD 



Pressure of CoLmiN of Am 



Vs 

Vi 

Product op 
Pressure and 
VOLUMB 

Vertical 
Length of 
Mercury 

Barometer 

Reading 

Total 

Pressure 


Pi 

Pn 



Pi 

Pi 

Pi 

Vi 

V, 


1 


Pi 

Pi 

Pz 

Vs 

Vi 



, 1 

1 

Pj 

Pi 

>2 

1 

Vj 

Vi 


1 

« 

1 i 

1 1 


Pi 

Pi 

Pi 

Vi 

V, 



^ 1 
$ 

1 

1 

} 


p. 

Pi 

Pi 

v> 

Vt 




Pi 

4 

Pi 

P. 1 

Fa 





P. 1 

P» II 

-'l 
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CONCLUSIONS 

1. According to Boyle’s law what relation exists between the pressure and volume of a con 
fined gas, if the temperature remains constant? 


2. Plot a curve on the basis of your data from the experiment to show the relation between 
pressure and volume. 

3. Why does Boyle’s law hold true only when the temperature remains constant? 


4. Why was the vertical height rather than the slant height of the column of mercury used in 
determining the pressure of the merciuy upon the column of trapped air? 


5. Why was it necessary to add in each instance the pressure of the atmosphere to the pressure 
exerted by the column of mercury? 


6. How did this experiment show that air is compressible? 


7. How does Boyle’s law prove that air is matter? 


PRACTICAL APPLICATIONS 

1. How do you apply Boyle's law whenever you inflate automobile tires at a filling station? 
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2. How do workmen apply Boyle’s law when they use caissons in laying the foundations for 
sk 3 ^scrapers or bridges? 


3. On the basis of Boyle’s law how can you explain the action of an air compressor? 


4. According to Boyle’s law how can you explain the action of a vacuum pump? 


5. How can you explain the action of an iron lung? ; ; 


6. How does a Cartesian diver illustrate Boyle’s law? 
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Class Period 


Date 


Name 


^EXPERIMENT TWELVE 


Hooke’s Law 

Within the elastic limit what is the relation between the elongation of a spiral spring 

and the force that stretches the spring? 

References: Aerodynamics for Pilots, C.A.A. No. 26, pages 1-12 

Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 234-271 

Pilots* Airplane Manual, C.A.A, No. 27, pages 1-38 

Science for the Citizen, by Lancelot Hogben, pages 277-283 

Introduction. According to Hooke's law the elongation of an object, within the elastic limit, 
is directly proportional to the stretching force. A simple device that operates on the basis of 
this law is the ordinary spring balance. When a weight is attached to the balance, it causes a 
spring to elongate and thus indicate the weight. Hooke's law is especially useful to engineers 
in determining how the beams and girders of buildings and 
bridges will act under anticipated loads. In order for the struc- 
tures to be safe, the elastic limit of these parts must never be 
exceeded. 

APPARATUS 

Hooke's-law spring, pointer to attach to spring, support rod, 
meter stick, clamps, weight pan, and weights. 

PROCEDURE 

Attach a meter stick to an upright rod support and suspend a 
coiled spring directly in front of the meter stick. Fasten a pointer 
to the lower end of the spring at right angles to the spring, so that 
it will move along the scale on the meter stick. Attach a weight 
pan to the lower end of the scale. What is the reading in centi- 
meters of the pointer along the meter stick? centi- 

meters. This reading is known as the zero reading because it 
indicates the position before the measured stretching begins. 

Enter the zero reading in the composite record. Enter both the 
reading and the elongation in the proper spaces of the composite 
record. Determine the elongation in each instance by taldng the 
reading of the pointer and subtracting the zero reading. When 
you have taken the last reading, reverse the procedure by remov- 
ing the weights 200 grams at a time. Enter the reading of the 
pointer for each position in the last column of the composite rec- 
ord. If the elongation of the coiled spring has not exceeded the 
elastic limit of the spring, the readings in the last column should 
be the same as those in the second column. 

Place in the weight pan a weight sufficiently heavy to cause 
the spring to elongate slightly. The value of the weight will 
depend, of course, on the stiffness of the spring, but a 200-gram 
weight will prove about right. Accordingly, start the experiment 
with a 200-gram weight and add 200 grams successively to secure 
successive elongations. 

Dynamic Physics References: pages 157-167 
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COMPOSITE RECORD 


Load in 
Grams 

Readings as Weights Are 

Added 

Total Elongation 

OF Coiled Spring 

Readings as Weights 
Are Removed 

0 

1 



200 




400 

1 

1 


1 

600 




800 




1000 




CONCLUSIONS 


1. According to Hooke’s law the elongation of an object within the elastic limit is 


to the stretching force. 


2. Had the been exceeded in this experiment, the readings 

in the second column of the composite record would have been different from those in the 
last column. 

3. Using the elongations from this experiment with the respective weights that caused them, 
plot a graph to show the relation between elongation and stretching force. 


PRACTICAL APPLICATIONS 


1. Why must Hooke’s law be considered in designing the springs for an automobile? 


4 « ■ 


• • 


2. How IS a manufacturer of farm machinery concerned with Hooke’s law? 


3. How is a violinist concerned with Hooke’s law? 


• " • « « 




• • 
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Class Period 


Date 


Name 


EXPERIMENT THIRTEEN 

Capillary Attraction 

What factors control the capillary attraction of liquids? 

Refeeences: Physics and Chemistry of Surfaces, The, by Neil Kensington 

Adam, pages 1-16 

Science for the Citizen, by Lancelot Hogben, pages 384-387 

Introduction. Capillary attraction refers to the relative attraction between the molecules of 
a liquid and the molecules of a solid with which the liquid is in contact- If the attraction be- 
tween the molecules of the liquid and the molecules of the solid is greater than the attraction 
between the molecules of the liquid, the molecules of the liquid tend to cling to the molecules 
of the solid. On the other hand, if the attraction between the molecules of the liquid and the 
molecules of the solid is less than the attraction between the molecules of the liquid, the mole- 
cules of the liquid tend to pull away from the molecules of the solid. The action that results 
from capillary attraction is known as capillarity. This action is very important in everyday 
life, since it explains, for example, why you can use a towel to dry your face or a blotter to 
take up ink. It also explains why water rises in the soil and supplies moisture for plants. 

APPARATUS 

Capillary tubes of different bores; glass tubes about 12 inches long and 2 inches in diameter; 
meter stick; containers of water, gasoline, and mercury; containers of loam, sand, and clay. 

PROCEDURE 

The nature of capillarity. Measure the diameter of the bores of five capillary tubes and enter 
your findings in the order of increasing size in the first column of the following table. Place 
the tubes upright in water and notice that the water rises in each tube. Is the meniscus, or 

surface of water, in each tube flat, concave, or convex? Measure 

the distance from the level of the water in the container to the bottom of the meniscus in each 
tube. Enter your measurements in the second column of the table. 

Place the capillary tubes upright in a container 
of gasoline and notice that the liquid again rises in 
the tube. Measure the distance from the level of the 
gasoline in the container to the bottom of the meniscus 
in each tube and enter your measurements in the third 
column of the table. 

Place the capillary tubes jpright in a container 
of mercury and observe that the mercury falls in the 
tubes rather than rises, indicating that there is little 
attraction between the molecules of mercury and the 
molecules of glass. Is the meniscus in each tube flat, 

concave, or convex? 

Measure the distance from the level of the mercury in 
the container to the top (rather the bottom) of the 
meniscus in each tube. Enter your measurements in 
the fourth column of the table. 

Dynamic Physics References; pages 169-170 
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Diameters 

OF Bores 


Differences of 
Levels in Water 


Differences of 
Levels in Gasoline 



If you compare the heights of the water in the tubes, you will find that these heighu 
vary inversely with the bores of the tubes. In other words, if hx, K h„ hx. and A, represent 
the heights of the water in tubes with diameters of bores d,, d,, da, d,, and d, respectively, 

K„^dx' necessary calculations and enter your findings 

in the proper spaces of the following table. If your measurements and cakulations are accurate 
the corresponding entries in the last two columns should be the same. 


Diameters 
OF Bores 


Differences in 

Levels of Water 


Ai 


dn 

d, 


'd, 

( 

At 

dt 


third S TT' “T"" 

tubes verticallv side l)v in * <■ cloudy packed dry clay. Place the three 

Allow the tubes to stand in the waterTimd the A colored water, 

more of the tubes. Mea.sure ircenUmele"' h H height in one or 

Uiiner to the highest point in each container at wAr'/r’"" ^ 

container at which the water has wet the contents. How 

high docs the water wet the dry loani"^ 

‘ centimeters. How high ha.s the water 

wot tl.e dry sand.' centimeters. How high lia. the water we: the dr>- clay' 

c-'dinuder,. Hmv oa„ you :uvo,„u for ll.o f;,.., ,Ik„ ,ho oolor ri.os in .he tube.' 



How can you account for the fact that the water 








J_1_ ^ 


CONCLUSIONS 

1. What do you understand by capillary attraction? . , 


2. Which two liquids in this experiment ascended in the tubes? . 


Which liquid descended in the tube? 

3. Which liquids wet the inside of the glass? 


Which liquid did not wet the inside of the glass? 

4. Which liquids formed a concave meniscus in the tubes? 


Which liquid formed a convex meniscus? 

5. How does capillary attraction explain why the liquids behaved differently? 


6. What relation exists between capillarity and the bore of a tube? 


PRACTICAL APPLICATIONS 

1. How does capillary attraction help to explain why you can dry your face with a towel? 
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2. How does the operation of a kerosene lamp depend upon capillary attraction? 


3. Why does water cling to dishes when 


they are washed, requiring them to be dried? 


4. Why does the farmer cultivate the soil around growing crops even when there are no weeds? 


5. Why does the mercury in a thermometer form a convex meniscus rather than a concave 
meniscus? 



Why would a thermometer be more difficult to read if it contained water rather than mcr- 
cury? 
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Class Period 


Date 


Name 


EXPERIMENT FOURTEEN 

Center of Gravity 

How would you locate the center of gravity of an object? 

References: Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 69-80 

New World of Physical Discovery, by Floyd L. Darrow, pages 
184-258 

Introduction. The center of gravity of an object is the point around which the mass of the 
object centers. Every object is made up of countless particles, or molecules, each of which 
is attracted to the center of the earth by the force of gravity. Thus the object is acted upon 
by countless forces, one for each particle, pulling toward the center of the earth. The center 
of gravity is the point in the object where these tiny forces may be assumed to center, or the 
point from which a single force equal to the sum of the tiny forces may be assumed to act on 
the object and produce the same result. In a sense, the center of gravity may be considered 
the point about which an object may be balanced when acted upon only by the force of gravity. 
Since the center of gravity is a center of balance with reference to gravity, it helps to deter- 
mine the stability of an object. In all instances, the lower the center of gravity in an object, 
the more stable is the object. For instance, a load of coal on a wagon is more stable than a load 
of hay of the same weight, because the center of gravity of the coal is lower than that of the 
hay. The location of the center of gravity and its effect on stability have played an important 
part in the progress of transportation. In designing new models of fast-moving automobiles 
and railroad trains, engineers have constantly worked to lower the center of gravity, and thus 
to contribute to safety. 

The center of gravity of an object of regular shape is fairly easy to locate because if the 
object is of uniform density it corresponds to the geometrical center of the object. The center 
of gravity of a rectangular block, for instance, is the center of the block, and the center of 
gravity of a sphere is the center of the sphere. In the case of an object of irregular shape the 
center of gravity is more difficult to find. In this experiment you will locate the center of grav- 
ity of a meter stick and several cardboards of irregular shapes. 

APPARATUS 

Meter stick, knife-edge clamp for meter stick, lever support, pieces of cardboard of irregular 
shape, plumb bob, and nail. 

PROCEDURE 

The center of gravity of meter stick. Place the knife-edge clamp on the meter stick and 
balance the meter stick on the lever support. Observe the reading on the meter stick at the 

point where it balances. What is the reading? centimeters. If the meter stick 

is regular in shape and of uniform density, this reading should represent the mid-point on the 
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scale. 

above 


The center of gravity is a point in the stick equidistant from all its surfaces exact! 
the point where it balances. Why must the meter stick be reerular in shnno ^ 


Why 


regular in shape in order 


to balance at the mid-point? 


• • 


Why must the meter stick be of uniform density in order to balance at the mid-point? 




• • • • 




The center of gravity of irregular cardboards. 

Drive a nail through a somewhat irregular- 
shaped cardboard at any point along the edge 
and suspend the cardboard from the wall or 
other back^ound. Suspend a plumb bob 
from the nail with a cord of sufficient length 
to extend down the front of the cardboard. 
Draw a line on the cardboard along the path 

ju j 1. , • . Dismantle he apparatus and 

hnh by driving the nail through another point near the edge. Suspend the 

Dismantle the apparatus and 

slowly, allowmg .t to come to rest several times. Does it come to Sst in tte sTme or 
positions behavior prove that the cardboard 



is suspended from the center of gravity? 


« • 


Repeat the experiment, using a semicircular 


• • 


or moon-shaped cardboard. What difficulty 


do you encounter in drawing lines on the cardboard along the cord of the plumb bob? 


Why does the center of gravity fall outside the cardboard? 


• 

Repeat the experiment, using a cardboard in the shape of an equilateral triangle. How does 
the center of gravity correspond with the geometrical center of the triangle? 


• • 


• • 


» • 
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CONCLUSIONS 


1. How would you explain the center of gravity of an object theoretically on the basis of the 
molecules of which the object is composed? 


2. What relation exists between the center of gravity of an object and the stability of an object? 


3. How would you locate by drawing lines the center of gravity of a square piece of cardboard? 


4. Why does the center of gravity of certain objects fall outside the objects? 


5. Why must a sphere be of uniform density if the center of gravity of the sphere coincides 
vpith the geometrical center? 


6. Why may the center of gravity of the earth be somewhat different from the geometrical 
center? 


PRACTICAL APPLICATIONS 

1. Why is a high dish on a table easier to upset than a low dish filled with the same contents? 
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2. What is the relative position of the center of gravity of a leaning smokestack and the base 
of the smokestack when the smokestack falls from its own weight? 


3. Why are most automobiles today biiilt close to the groxmd? 


4. Why does an army tank have great stability? 


5. How are workmen concerned with the center of gravity in loading trucks? 


6. How is the center of gravity a factor in safety transportation? 
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Class Period 


Date 


Name 


^EXPERIMENT FIFTEEN 

Moments of Force 

How do the moments of force affect the equilibrium of an ob/ect? 

References: Aerodynamics for Pilots, C.A.A. No. 26, pages 8-11 

Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 56-69 

Science for the Citizen, by Lancelot Hogben, pages 384-387 

Introduction. When an object is at rest or in a state of equilibrium, all the forces acting upon 
the object exactly balance one another. When an object is in motion, it may have translatory 
motion and move in a straight line or it may have rotational motion and move in a curved line. 
An object is in equilibrium with reference to translatory motion when the forces acting against 
it from opposite sides are exactly the same. An object is in equilibrium with reference to rota- 
tional motion when the forces acting on opposite sides of the center of rotation are equal and 
acting at equal distances from the center. Thus a meter stick has equilibrium when it balances 
on a lever support because the forces of gravity acting on either side are equal. Likewise it has 
equilibrium when equal weights are hung at equal distances on opposite sides of the support 
because the forces of gravity on either side are equal. Under such conditions the meter stick 
acts as a lever, and the point about which it rotates is known as the fulcrum. Any force that 
acts upon the lever, such as a weight, multiplied by the perpendicular distance from the force 
to the fulcrum is known as a moment of force. When a lever is in equilibrium, the sum of the 
moments of force upon one side of the fulcrum exactly equals the sum of the moments on the 
other side. 


APPARATUS 

Meter stick, knife-edge clamp, lever support, weights, string. 

PROCEDURE 

Place a knife-edge clamp on a meter stick and balance the meter stick on a lever support. 
What is the reading of the meter stick at the fulcrum or the point at which it bal- 
ances? centimeters. With pieces of string suspend equal weights on opposite 
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sides of the meter stick equal distances from the fulcrum. If you attach the weights accurately, 
the meter stick should still balance. What is the value in grams of the weight on either side? 

grams. What is the distance in centimeters from the weight to the fulcrum on 

either side of the fulcrum? centimeters. What is the moment of force on either 

side, or the weight times the distance? 

Dynamic Physics References: pages 175-179 
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R^ove the equal weights and suspend unequal weights from the meter stick, one on 
either side of the fulcrum. Set one of the weights at a certain point along the meter stick and 
adjust the distance of the other from the fulcrum as necessary to make the meter stick balance. 

What is the value of the smaller weight? grams. What is the distance of the 

smaller weight from the fulcrum? centimeters. What is the moment of force 

caused by the smaller weight? What is the value of the larger weight? 


grams. What is the distance of the larger weight from the fulcrum? centimeters. 

What is the moment of force caused by the larger weight? If you have calcu- 


lated correctly, the two moments of force should be the same. Why should the two moments 

0 

be the same? 


Remove the weights and suspend two weights at different points to the right of the ful- 
crum. Since these weights tend to turn the meter stick clockwise, these moments of force may 
be called clockwise moments of force. Suspend one weight from the meter stick to the left of 
the fulcrum and adjust the distance from the fulcrum until the meter stick balances. Since 
this weight tends to turn the meter stick counterclockwise, its moment of force may be called 
a counterclockwise moment of force. What is the sum of the clockwise moments of force? 


What is the counterclockwise moment of force? If you have 

calculated correctly, the sum of the clockwise moments should be the same as the counter- 
clockwise moment. 

Remove the weights and suspend two other weights at different points to the right of the 
fulcrum. Then suspend a weight of unknown value to the left of the fulcrum and adjust the 
distance from the fulcrum until the meter stick balances. The problem now is to find the 
value of the unknown weight by applying the principle of moments. The sum of the clock- 


wise moments of force is The distance from the unknown weight to the fulcrum 


centimeters. The sum of the clockwise moments divided by the distance of 

the unknown weight from the fulcrum will give the value of the unknown weight. What is 

the value of the unknown weight? grams. Check your calculations by weighing 

the unknown weight on a trip balance. What does the weight weigh? grams. 

• j weights and slide the knife-edge clamp along the meter stick to a point con- 

siderably away from the center of gravity of the stick. Suspend a weight from the shorter arm 
of the meter stick and adjust the distance from the fulcrum until the meter stick balances. 
Assume that the fiJl weight of the meter stick is at the center of gravity (at the original posi- 
tion of the meter stick on the lever support) and calculate the weight of the meter stick. What 

is the moment of force of the weight on the meter stick? What is the distance 


from the center of gravity of the meter stick to the fulcrum? centimeters. The 

moment of force of the weight divided by the distance from the center of gravity to the fulcrum 

equals ^ . grams, the weight of the meter stick. Check the finding by removing the 

knife-edge clamp from the meter stick and weighing the meter stick in grams on a trip scale. 

What is the weight of the meter stick? 


grams. 


56 



CONCLUSIONS 


1. What do you understand by a lever? 


What is the function of a lever? 


2. What is a moment of force? 


3. What two factors must you know in order to calculate a moment of force? 


4, What situation must exist with reference to the moments of force acting on a lever when 
the lever is in equilibrium? 


5. If two weights are suspended from a lever and the lever is unbalanced, how can you balance 
the lever by using the same weights? 


6. If two weights are suspended from an unbalanced lever at set perpendicular distances from 
the fulcrum, how can you balance the lever by using the same distances? 


7. If you reduce the weight suspended from a lever, what must you do with the distance of 
the weight from the fulcrum in order to maintain the same amount of force? 
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PRACTICAL APPLICATIONS 


1. How does a trip scale depend on the principle of moments of force? 


2. How does the principle of 


II 


oments of force apply to a seesaw? 


3. How is a person concerned with the principle of moments of force when he pumps water 
by hand? 


4. How does the principle of moments of force enable a person to lift a weight much heavier 
than himself? 


5. Name several simple devices that use the principle of moments of force. 



Class Period 


Date 


Name 


EXPERIMENT SIXTEEN 

Stability of an Airplane 

What forces enable an airplane to maintain stability in flight? 

References: Airship Aerodynamics^ War Department TM 1-320, pages 

22-32 

Civil Pilot Training Manual, C.A.A. No. 23, pages 30-46 

Student PiloVs Training Primer, The, by Hugh J. Knerr, 
pages 13-41 

Introduction, The stability of an airplane refers to its tendency to right itself when affected 
by an outside force in flight, such as a gust of wind. Since the airplane in flight has no contact 
with outside objects, it moves freely about three axes: the lateral or crosswise axis; the longi- 
tudinal or lengthwise axis; and the vertical or up-and-down axis. These axes meet at the center 
of gravity of the airplane, or the central point of the downward pull on the airplane. When 
the airplane noses up or down, it turns on its lateral axis; when it rolls, it turns on its longi- 
tudinal axis; and when it yaws or turns to the right or left, it turns on its vertical axis. In 
order to maintain stability, the airplane must be so constructed that the moments of force 
acting along one arm of each axis equal exactly the moments of force acting along the other 
arm. Thus the moments of force acting along the longitudinal axis from the nose of the air- 
plane to the center of gravity must equal exactly the moments of force acting along the axis 
from the tail of the airplane to the center of gravity. Similarly, the moments of force acting 
along the lateral axis from the tip of one wing to the center of gravity must equal exactly the 
moments of force acting along the axis from the tip of the other wing to the center of gravity. 


APPARATUS 

Model airplane, knife-edge clamp, lever support, weights, rectangular piece of cardboard about 
3 inches wide and 12 inches long, and cord. 


PROCEDURE 

Longitudinal stability of an airplane. The longitudinal stability of an airplane depends upon 
the forces acting vertically along the longitudinal axis that tend to cause the airplane to nose 
up or down, or turn on its lateral axis. To observe something of the longitudinal stability of 
an airplane, balance a model on narrow supports 
placed under the ends of its wings. Shift the model 
forward or backward on the supports until it 
becomes as nearly poised as possible. As you can 
readily see, any force acting along either end of 
the longitudinal axis, as on the nose or tail of the 
model, would destroy the equilibrium. 

To understand better the principle of longi- 
tudinal stability, use a meter stick as a substitute 
for the longitudinal axis of the model airplane. 

Place a knife-edge clamp on the meter stick and 
balance the meter stick on a lever support about 

20 centimeters from one end by suspending a small weight from the shorter arm of the stick. 
The meter stick now represents an airplane with longitudinal stability flying in the direction 

Dynamic Physics References: pages 180-184 
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of shorter arm of the stick. Suspend a small weight from the short arm of the meter «««!, 
be^^ the other weight and the fulcrum. This weight disturbs the equilibrium, just 
outside force causes the airplane to nose down. What is the value of the disturbing weight^ 


grams. 

to the fulcrum? 


What is the distance in centimeters from the disturbing weight 
centimetem. What is the moment of force caused by the weight? 


■ ■ ■ ■ another weight on the long arm of the meter stick to balance the meter 

stick again. This latter weight represents a restoring force acting on the stabilizer of the tail 

assemblage of an airplane. What is the value of the restoring weight in grams? 


grams. What is the distance in centimeters from this weight to the fulcrum? 

centimet^. What is the moment of force caused by the weight? If you havA 

me^ured and calculated correctly, the two moments of force should be the same. On the basis 
of this experiment how would you explain the fact that a small force applied to the stabilizer 

and its appendages restores longitudinal stability? 


The pilot causes an airplane to nose up or down largely by raising or lowering the elevator 
to cause it to meet the resistance of air. What happens when he raises the elevator? 

What happens when he lowers the elevator? 

How must he set the elevator in order to 

maintain longitudinal stability? ; ; ; ; 


flight and cause the model to mil r model in the position of horizontal 

in the W -''"’oard slighUy 

notice hew the othet tide poin£ hpwL^lt™,:" 

what happens to an airplane frequently when it 
IS acted upon by the wind. The airplane rights 
itself following a disturbance, because the lift 
orces acting on the horizontal wing have greater 
moment arms than those acting on the slanting 

the same angle, or the dihedral th^ When both wings slant upward slightly at 

Place X's in the accompanying drawing to indlcTtrthrdi^^^^ 
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Directional atability of an airplane. The directional stability of an airplane depends upon the 
forces acting horizontally along the longitudinal axis that tend to cause the airplane to rotate 
or turn to the right or left on its vertical axis. This stability depends largely upon the forces 
of air pressure acting upon the fin and its appendages. In other words, the airplane tends to 
align itself with the wind much as a weather vane aligns itself with the wind. Sxispend the model 
auplane from a cord in the position of horizontal flig ht, and observe how by pushing slightly 
on either side of the fin you can change the direction of flight. The pilot secures the same 
effect by turmng the rudder to the right or left to cause it to meet the resistance of air. In 
which direction must the pilot turn the rudder to cause the airplane to turn to the right? 


In which direction must he turn the rudder to cause the air- 


plane to turn to the left? How must he set the rudder i 


in 


order to maintain directional stability? 


CONCLUSIONS 

1. What three kinds of stability must an airplane maintain in flight? 


2. When an airplane has longitudinal stability, what condition must exist with reference to 
the moments of force acting along its longitudinal axis? 


3. How does the stabilizer with its appendages help to give an airplane longitudinal stability? 


4. What part of the tail assemblage does a pilot use to cause an airplane to nose up or down? 


5. When an airplane has lateral stability, what condition must exist with reference to the 
moments of force acting along the lateral axis? 


6. How does the dihedral of the wings help to bring about lateral stability? 


« • 


« 
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7. How does the fin with its appendages help to give an airplane directional stability? 


• • » 


8. What part of the tail assemblage does a pilot use to cause the airplane to turn to the right 
or the left? 

PRACTICAL APPLICATIONS 

!• Why must an airplane have both wings and a tail assemblage? 


2. Why must the tail assemblage include both a stabilizer and a fin? 


3. Why must the stabilizer and fin have movable parts? 



4. WTiy IS the tail assemblage placed relatively far from the center of gravity? 


5. How does the downwash of an airplane help to maintain the stability of the airplane? 


6. What are some of the leading factors that disturb the stability of an airplane? 
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Date 


Name 


4^EXPERIMENT SEVENTEEN 

Parallel Forces 

How would you determine the resultant of parallel forces acting in the same 

direction but in different paths? 

References: Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 56-67 

Science for the Citizen, by Lancelot Hogben, pages 232-237 

Introduction. Forces are said to be parallel when they move in the same or in opposite direc- 
tions. There are many examples of parallel forces in everyday life. Two men produce parallel 
forces in the same path when one pulls a load and the other pushes the load directly behind 
the other. They produce parallel forces in different paths when both of them either pull the 
load or push the load side by side. Two locomotives produce parallel forces in the same path 
when they pull a train as a double-header, or when one pulls and the other pushes the train. 
Two or more horses produce parallel forces in different paths when they pull a wagon or other 
piece of farm machinery by means of a doubletree. 


APPARATUS 

Spring balances, support rods, meter stick, weights, and string. 


PROCEDURE 


Hang from a support rod two spring balances on the same level nearly a meter apart. From 

the spnng balances by means of string suspend a meter stick. Take the reading in grams of 
each of the balances. What is the reading of the 


first or left-hand balance? grams. 

What is the reading in grams of the second or 

right-hand balance? grams. Sus- 

pend a weight from the meter stick at any point 
between the balances. What is the value of the 

weight in grams? grams. Enter the 

value of the weight in grams in the second column of the composite record. Take the reading i 



grams of each of the balances. What is the reading of the first balance? 


grams. 


What is the reading of the second balance? grams. 

Subtract the initial readings of the balances from the present readings to find out how 

much each balance is affected by the suspended weight. Enter your findings in the second and 

third columns of the composite record. Place the sum of the two entries in the fourth column 

If you have taken the readings and calculated correctly, this sum should be the same as the 
entry in the second column. 

Suspend a second weight, third weight, and fourth weight from the meter stick and take 

readings as before after each weight has been added. To find out how much a weight affects 

the balances, always subtract the previous reading from the present reading. Enter the data 
in the proper spaces in the composite record. 


Dynamic Physics References: pages 186-187 
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COMPOSITE RECORD 



Trial 


Weight 

Suspended 


Force Exerted by Weight 


First Balance 


Second Balance 


Total Force 
Exerted 



CONCLUSIONS 


1. When parallel forces a 
of the separate forces. 


2. Parallel forces may act in the same path or 

8. In this e^nriment the location of the objeet with reference to the spring balance had 
no bearing on the 


PRACTICAL APPLICATIONS 

1. Explain why two or more horses pulling a wagon act as parallel forces. 


2. Mention some activity in which you have engaged as a parallel force. 




3. How does a swing illustrate parallel forces? 


4 • 


4. What parallel forces act upon an airplane in flight? 


» 


• • • 


4 « 


« • 


• • 


« 




• « 
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Date 


Name 


^EXPERIMENT EIGHTEEN 

Composition of Forces 

How would you defomino the resultant of two forces acting 

at an angle to each other? 

References: Aerodynamics for Pilots, C.AJ^. No. 26, pages 5-8, 30-61, 

104-105 

Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 29-42, 43-55 

Science for the Citizen, by Lancelot Hogben, pages 253-258 

Introduction. Forces seldom act alone. OflOiand you may think of only one force being involved 
because you see its effect in motion. For instance, when you see an automobile traveling along 
a highway , you may think of the force of the motor which propels the automobile forward but 
fail to think of the forces of air resistance and friction which tend to retard the automobile’s 
progress. Likewise, when you see a gun fired, you may think of the force of the explosion that 
sends the bullet on its way , but fail to think of the force of air resistance which tends to retard 
the bullet and the force of gravity which tends to pull the bullet toward the earth. To deter- 
mine the effects of two or more forces acting from a given point, scientists apply a method 
known as the composition of forces. On the basis of this method, they let straight-line segments 
represent the magmtude and direction of the forces and from these segments determine the 
magmtude and direction of a single force that would have the same effect as the original forces. 

APPARATUS 

Spring balances, meter stick, clamp, large sheet of paper, and string. 

PROCEDURE 

Place a heavy sheet of paper on a wide board. Above the paper assemble apparatus as shown 
in the drawing at the left by attaching clamps to the sides and end of the board. The cords 
OA and OB contain balances which represent forces pulling from point O. The cord OC con- 
tains a balance which represents a force pulling from O and opposing the action of the balances 
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in OA and OB. The reading on balance C represents a force of the same value as the resultant 
of forces along OA and OB but opposite in direction. What do you understand a resultant to be? 


• • • • 


***** ^ * 

Draw lines on the paper from point O along the paths of the strings leading to the balance 
^ shovm in the drawing at the right on the preceding page. Determine a suitable scale fW 
the reading of the balances and draw lines OAi and OJ5, according to scale. For instance if 
the balance along OA has a reading of 1000 grams, you might use a scale of 1 centimeter’ 
100 grams and thus make OAi 10 centimeters long. Then if the balance OB has a reading nf 
800 grams, you would make OBx 8 centimeters long. Using these two lines as the consecutive 
sides of a parallelogram, complete the parallelogram by drawing the other two sides Whai 
procedure must you follow in completing a parallelogram when two sides and the included 

angle are known? 


• « 


diagonal OR in the parallelogram to represent the resultant of the two force* OA 
and OB,. Measure the diagonal OR in centimeters and calculate its value 

the same scale as before. What is the value of the resultant’ irrama it 

re:^1nforth‘^irri“4‘'o ^hould'he thTsame as^ 


Foucej OA 


Force OB 


COMPOSITE RECORD 



Scale 


I Length of 
Diagonal 

I 

i 



; CALCUlaATED 

Resultant 


I 



Actual 
Force OC’ 


PercT':ntage or 
Error 
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CONCLUSIONS 


1. What kind of geometrical figure must you draw to determine the resultant of two forces? 


What line in the figure represents the resultant? 

I 

2. How does an increase in the size of the angle between forces OAi and OBi affect the resultant? 


How does a decrease in the size of the angle affect the resultant? 


3. What would be the relative position and values of forces OAi and OBi if the resultant were 
zero? 


4. What would be the position and values of forces OAi and OBi if the resultant were equal 
to their difference? 


5. What would be the relative position of forces OAi and OBi if the resultant were equal to 
their sum? 


PRACTICAL APPLICATIONS 

1. Mention an example of forces acting at an angle to each other in your home. 
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2. How do guy wires attached to a high smokestack demonstrate forces 


acting at an angle? 






In helping to move a heavy object, why is it better for all persons to pull in the same direc 
tion rather than at angles to one another? 



How is a person concerned with the resultant of forces when he swims across a fast-moving 
stream? 


B. How is an aviator concerned with the resultant of forces when he encounters 


a cross wind? 


6. Why IS the resultant of forces always an imaginary force rather than a real force? 
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Class Period 


Date 


NAlfE 


^EXPERIMENT NINETEEN 

Resolution of Forces 

How would you resolve a single force info two component parts? 

* 

References: Aerodynamics for Pilots, C.A.A. No. 26, pages 6-8, 30-61, 

104-105 

Elementary Practical Mechanics, by J- M. Jameson and C. W. 

Banks, pages 29-42, 43-55 

Science for the Citizen, by Lancelot Hogben, pages 253-258 

Introduction, Often when a force acts upon an object it has the same effect as two or more 
forces applied to the object. When you push a lawn mower, for instance, part of the force 
which you apply tends to push the lawn mower horizontally over the ground and part tends to 
push it vertically into the ground. This condition occurs because the handle of the lawn mower 
slants downward. Thus the single force may be analyzed into two forces known as component 
forces; in this instance, a horizontal force and a vertical force. The process of analyzing forces 
is known as the resolution of forces. 

APPARATUS 

Support rod, light wooden stick about 18 inches long with a screw eye in one end and a notch 
in the other, table clamp, spring balances, weights, and string. 

PROCEDURE 

Set up the apparatus, as shown in the accompanying drawing, by placing the notched end of 
the wooden stick OB against an upright and extending a cord OA from the screw eye at the 
other end of the wooden stick to point A along the upright considerably above point B, Place* 
a spring balance in cord OA, and from the screw eye at 0 suspend by means of a cord a weight, 
as indicated by C. Adjust the level of the stick OB so that it occupies a horizontal position. 



1 with angle ABO a right angle. Hold a blank 
piece of paper back of the apparatus against a solid 
C background, such as a board, and draw lines along 
OA, OB, and OC to show the direction of forces. 

Remove the paper and construct a drawing as 
hereinafter directed* 

Make the drawing similar to that shown at 
the right. Let Oi represent the point where the 
three forces meet. Determine a suitable scale on 
the basis of the weight C (such as one centimeter 

Dynamic Physics References: pages 192-195 
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to 2W grams) and measure a distance 0,Ci along the Une to C to represent weight C Extend 
Sit indefinitely from point Oi, forming a line OiX. From point C, draw f 

^ intersects the line along O^B at some point^T 

of whichVc^S^^n»f ^ construct a parallelogram OSxC.A^, the diagoni’ 

represents the suspended weight. The side 0,Ay of the paralleloeram rpr.rf ...f, 


thP suspenaea weignt. The side OiAi of the parallelogram repr^ent« 

thf. ciri represents the force acting along OB Measnrp 

the sides O.A. and O.B, and calculate the values in grams on the basil of the srale^T® 

grams, and the value of OiBi is 

grams. Check your value O, A, by taking the reading of the balance along OA. The reading of 

the balance is grams. How does this value compare with your calculated value 

ofOiAi? 


s.'z -i 

the balance at the instant that the stick falls. The reading of the baiance is 

grams. How does this value of O.B. compare with your calculated value? 


• « • 


Enter your todings in appropriate spaces of the composite record 
R6peat the experiment, keepincr an^’le A RD t-Vtcx • i_ 

suspended weight. Place OB in the same horizontal changing the size of the 

rhsr ^ f “ 

the sfst'’SlngLTBTIS;gtertTe wei^^^^^^^^ *" “>e last trial but varying 

make angle ABO more than a right angle Second ralll 2' d end O of the stick to 

less than a right angle. Enter your findings in the co^osite record 

COMPOSITE RECORD 


.\-N'GLE 

ABO 


Weight 

c (g.) 


Scale Length of 

(g. per cm.) 0,A, (cm.) 


Force 

ALONG 
OA (g,) 


90 '- 


9(r 

Greater 
than 
90 '; 

Less 

than 

oo- 


Reading of 
Balance 

IN OA (g.) 


Length of 
OiBi (cm,) 


Force 

ALONG 
OB (g.) 


Reading op 
Balance 

IN OB (g.) 
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CONCLUSIONS 


1. What do .you understand by resolution of forces? 


2. Why did the force acting along the cord OA in this experiment produce tension? 


3. Why did the force acting along the stick OB produce compression? 


Why did the stick drop when you pulled horizontally from point O? 


4. How did you make line OxCi represent force C? 


Why did lines OiAi and OiBi represent components of force C? 


5. Why did line OiAi represent the force acting along the cord OA? 


Why did the line OiBi represent the force acting along the stick OBI 


6. What effect did increasing or decreasing the size of angle ABO have on the components? 
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PRACTICAL APPLICATIONS 


What component of force causes a steamship 




2. What component of force 




housewife? . . 


causes a carpet sweeper to move forward when pushed by 




« # • 


3. Why is it easier 


• • • ♦ 


to pull a sled with a long rope than with a short rope? 




• • • • 




• 4 • • 


• • • 


4. Why does a sled travel faster down a steep hiU than down a gentle slope? 


• » • • 




• • • 


5. Why is it more difficult to hold 
straight up? 


» • • 


• 4 « • 


a heavy weight at an angle from the body than to hold it 




« • « • 




• • • 


6. Explain a situation in which the 


4 « « • • • 


• • • « 


components of a force are greater than the force itself. 




7. Mention several forces not heretofore 


mentioned that may be analyzed into components 


•• 4 
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Date 


Name 


EXPERIMENT TWENTY 

Falling Bodies 

How would you calculate the acceleration of motion due to gravity? 

References: Civil Pilot Training Manual, C.A.A. No. 23, pages 92-98 

Science for the Citizen, by Lancelot Hogben, pages 239-268 
World and Man, The, by Forest Ray Moulton, pages 99-105 

Introduction. Before the time of experimental science people thought that the heavier an 
object was the faster it would fall. This belief continued until Galileo dropped objects of the 
same size and shape but of different densities from the Leaning Tower of Pisa. Through this 
experiment he proved that weight has no relation to the velocity with which bodies fall. To- 
day scientists are concerned with acceleration, or the increase in velocity of falling bodies, 
rather than with weight. If air resistance is neglected, all falling objects have an acceleration 
of about 32,16 feet or 980 centimeters per second for each second that they fall. Thus at the 
end of the first second they fall with a velocity of 32.16 feet per second, at the end of the second 

second with a velocity of 64,32 feet per second, and at the end of the third second with a velocity 
of 96.48 feet per second. 

APPARATUS 

Packard s falling-body apparatus, steel ball, carbon pap^, cross-section paper, and thumb- 
tacks. The falling-body apparatus consists of a rectangular surface about 31 by 35 centimeters 
in dimension surrounded by a frame. One side of the apparatus is provided with adjustable 
legs by which the surface may be inclined. In one corner next to the elevated side is a trough 
along which a metal ball may be rolled. The ball thus acquires horizontal motion and rolls 
over the rectangular surface describing a curve. If the surface is covered with a layer of cross- 
section paper and the cross-section layer is covered with a layer of carbon paper, face down- 
ward, the path of the ball may be recorded and measured. The horizontal spaces of the cross- 
section paper represent intervals of time and the vertical spaces intervals of distance. 

PROCEDURE 

Place a sheet of cross-section paper upon the surface of the apparatus and cover this paper 
mth a sheet of carbon paper, face downward. Move the steel ball along the trough and allow 

it to roll freely over the surface and, because of the carbon paper, to describe its path on the 
cross-section paper. To find the relation be- 
tween the space or distance traveled and the 
time consumed, compare the spaces along 
the Y axis (the vertical spaces), which repre- 
sent space or distance, with those along the 
X axis (the horizontal spaces), which repre- 
sent time. By calculation you will find that 
the space or distance the ball travels is di- 
rectly proportional to the square of the time. 

Let Si, St, Sz, etc., represent the dis- 
tances traveled in h, t 2 , U, etc., units of time 
respectively. Enter the distance through 
which the ball traveled in the second column 
of the composite record. In the third column 
indicate the ratio of the distances traveled at 
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the cl^e of the first unit of time to the distance traveled at the close of each successive unit nf 
^e (mdicated by In the fourth column indicate the ratio of the first time unit sauariM 
to tte succesave time i^ts squared (indicated by *.*). In the fifth column indicate the accpi. 
oration, or K^n in velocity, through each time unit. Calculate the acceleration (o) by using the 

formula o = — , which you derive from the formula S=^. Show the steps by which you 
derive the latter formula from the first. . . . 


In the sixth column enter the average acceleration for all the time units except the first, my 
should you disregard the first time unit in finding the average? 


in'the seventh coiunin enter the caleul 

acceleration ae tte accepted value of a, find the calculated distance by substituting T 
equation S=-^. What is the average acceleration? -nn 

1 , , Wny 

should you use the average acceleration rather than the acceleration for a single time unit? 


average 
in the 




COMPOSITE RECORD 



74 



CONCLUSIONS 

1. What do you understand by accelerated motion? . . , 


2. How does the force of gravity cause accelerated motion in a falling body? 


3. What caused the ball in this experiment to have accelerated motion? 


4. Why could the spaces along the X-axis of the cross-section paper represent time? 


5. Why could the spaces along the X-axis represent space or distance? 


6. Why was the acceleration of the ball less than the normal acceleration of falling bodies? 


PRACTICAL APPLICATIONS 

1. When a person coasts downhill on a sled, how does he experience the effect of accelerated 
motion? 


2. How does the speed of a bicycle change as a rider coasts downhill? 
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3. How does the atmosphere aflFect the law of falling bodies? 




• • A - 



6. Mention a few examples of accelerated motion outside the field of falling bodies. 


7, Mention a situation in which accelerated motion is negative. 
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Date 


Name 


EXPERIMENT TWENTY-ONE 

Forces Acting upon an Airplane in Flight 

What forces act upon an airplane in level flight, climbing flight, and gliding flight? 

References: Aerodynamics for Pilots, C.A.A, No. 26, pages 62-70, 82-95 

Flight Instructor’s Manual, C.A.A. No. 5, pages 7-22, 71-81 

Introduction. The forces that act upon an airplane in flight are the lift or aerodynamic forces 
on the wings which support the airplane; the force of gravity which tends to pull the airplane 
do^ward; the thrust of the propeller which pulls the airplane forward; and the drag or col- 
lection of forces caused by air resistance and friction which hold the airplane back. The drag 
forces fall into two groups: first, the forces of resistance associated with the wings: and second, 
the forces of resistance caused by other parts, 
such as the fuselage and landing gears that 
provide no assistance in lift. The drag pro- 
duced by the latter group of forces is known 
as the parasitic drag. An understanding of 
these forces is especially important to air- 
plane designers and manufacturers, because 
they must keep the forces in mind in plan- 
ning and building all the parts. The more 
they can increase the forces of lift, for in- 
stance, in relation to the force of gravity, the 
more easily the airplane will climb. The 
more they can reduce the force of drag, the less power will be required and the faster the air- 
plane will travel. An understanding of the forces is also important to the pilot, because he 
manipulates the airplane by changing the amount and direction of forces. For instance, when 
he wants to make a landing he must reduce the thrust with reference to the drag and reduce the 
lift with reference to gravity. These relationships he accomplishes by means of the controls. 

APPARATUS 

Model airplane, metric rule, protractor, pencil and paper. 


W / 



PROCEDURE 

Forces acting in level Aight. Hold the model airplane in the position of an airplane in level 
flight and think of the forces that act upon an airplane in this position. Remember that the air- 
plane moves forward. What is the relation between the forces of thrust and drag? 


The airplane moves horizontally. What is the relation between the forces of lift and gravity? 



Dynamic Physics References; pages 220-225 
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Fa Examine the drawing at the left for further understanding of the 

/ forces acting upon an airplane in level flight. For purposes of 

simplicity the forces are represented as acting from a single point 
O. The line OT indicates the thrust, the line OF^ indicates the 
wing pull or the combination of lift and wing drag, the line OD 
represents the parasitic drag, and the line OW represents 
' ^ weight of the airplane or the force of gravity. 

Now examine the drawing at the right below for an under- 
standing of the wing pull and its analysis into lift and wing drag. 
In this drawing the lines represent the same forces as in the draw- 
I ing at the left, with additional lines OL representing the lift 

^ component of the wings and ODw representing the drag component 

1 j • X ^ of the wings. In other words, the pull of the wings OF. is now 

^olved mto two components OL and OD„. The total drag is represented by OD^ plus 

wDp, or ODp. Since the airplane is in equilibrium — that is, neither gains or loses sneed 
nor gams or loses altitude -OT = ODp and OL = OW. ^ 

What would happen if OT were to become greater than t 


OO,.? 


What would happen if OL were to become greater than OW? 


Dp 


Look at each of the following drawings which represent air- 
planes m aght, determine the relative magnitude of the forces, and 
ejlam what is happening. Observe that you will need to re- 
solve the wing pull in each case into its components of lift and drag. 

Fa 


w 


Dp 


W 


OT = 


OF. = 


OL = 


OT = 


OW = 
OF^ = 


OL = 


cm. 


cm 


cm. 


ODur = 


D^Dp = 

OD. = 


cm. 


What is happening to the airplane? 


cm. 


OW= cm. 


cm. 


cm. 


ODr^ = 


^wDp = 

OD. = 


cm 


cm 


cm 


What is happening to the airplane? 


cm 


cm 


cm 


• • • • 


Fa 


Dp 


• * « « 


• • « « 




w 
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forces acting m climbing flig/if. Hold a model airplane in the position of an airplane in climbing 
flight and think of the forces acting upon the surface in this position. The same forces are 
acting as before, but the condition is changed because the airplane points upward rather than 
extends horizont^ly. In this case you need to consider the vertical axis, representing the 
direction of gravity, and the path-of-flight axis, representing the direction of climb. In both 
climbing and gliding the component OL is called sustentation rather than lift. Sustentation 
always opposes the direction of gravity, whereas lift acts perpendicularly to the path of flight. 

Look at the drawing at the right below which represents an airplane in climbing position. 
The forces are represented by the same lettering as before, but note that most of the forces 
have changed in direction. Determine the relative magnitude of the forces and explain how 
they show that the airplane is climbing. As before, you will need to resolve the wing pull 
into its components of sustentation and drag. i 



W 


Forces acting in gliding flight. Hold a model airplane in the position of an airplane in gliding 
flight and think of the forces acting upon an airplane in this position. In this case several 
component forces act on the airplane, just as component forces act on an automobile coasting 
do^hill. If you resolve the wing pull along the vertical axis and path-of-flight axis, and the 
weight along the path-of-flight axis and the axis formed by an extension of the wing pull, you 
will find that the thrust is the sum of a component of the wing pull and a component of the 
weight. The only drag is the parasitic drag. 



Look at the drawing at the left which represents an air- 
plane in gliding flight. The forces are represented by the 
same lettering as before, but most of the forces have changed 
in direction. Resolve the necessary forces into components 
to determine the thrust from F^, or T from and the 
thrust from Wy or T from W, and explain how these forces 
show that the airplane is gliding. 

OF^ =...cm. OW = pm 


OL 


= . . . cm. 


Tfrom VF=...cm. 


T from F^ = .. .cm. Total T = . . .cm. 
How do these forces show that the airplane is gliding? 
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CONCLUSIONS 


1. An airplane is in equilibrium in level flight when two sets of forces balance each other* 
When (1) the forces of equal the force of 


; and 


(2) the force of equals the forces of 


2. When an airplane climbs, the forces of exceed the force of 

3. When an airplane glides, the force of exceeds the forces of 

• * • • f • i # 

4. An airplane m level flight gains speed when the force of exceeds the forces 


of 


5. The drag caused by the wings is known as amj 


caused by other parts of the airplane is known 


PRACTICAL APPLICATIONS 


1. Why must a designer or manufacturer of airplanes have a full knowledge of the forces 


affecting an airplane in flight? 


2. Why must a pitot have a full knowledge of the forces affecting an airplane in flight? 


3. Why is a knowledge of the forces affecting an airplane in flight of especial importance to 
a pilot in training? 


• « 


4. What relation exists between safety and the forces affecting 




an airplane in flight? 


« « 
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Nabie 


^^experiment twenty-two 

Simple Pendulum 

What factors affect the period ef a simple pendulum? 

References: Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banka, pages 147-148 

Science for the Citizen, by Lancelot Hogben, pages 272-277 

Introduction. A simple pendulum, according to the definition of the scientist, consists of a 
weight called a bob suspended by a weightless cord from a fixed point called the axis. Such 
a pendulum, which never actually exists, is used merely to explain the principle of the pen- 
dulum. The finer the cord supporting the bob of a pendulum, of course, the nearer a pendulum 
approaches a simple pendulum. The ordinary pendulum, such as is found in a clock, the scientist 
refers to as a compound pendulum. A single or simple vibration of a pendulum is the full swing 
of the bob from one position and direction to the opposite position and direction. A com- 
plete vibration is double a single vibration, or the full swing of the bob from one position and 
direction to the opposite position and direction, and back again. The amplitude is the largest 
displacement of the bob from its position of rest. The period of vibration is the time required 

for a complete vibration of the pendulum. The frequency is the number of complete vibra- 
tions per second. 

APPARATUS 

Balls of different sizes with small holes through the center, support rod, pendulum clamp, 
watch with second hand, meter stick, and string. 

PROCEDURE 

The effect of the amplitude on the period. Using one of the balls, a 
support, and piece of string, construct a pendulum 100 centi- 
meters long. The length of a pendulum is the distance from the 
center of gravity of the bob to the lower part of the pendulum 
clamp. In order to find the period of the pendulum, measure with 
a watch in seconds the time required for 100 complete vibrations, 
and divide the time by 100. Cause the bob to swing through an 
amplitude of 5 centimeters. What is the average time required 

for a vibration? seconds. Repeat the experiment 

and enter your findings in the appropriate space of the follow- 
ing table. Cause the bob to swing through an amplitude of 15 
centimeters. "What is the average time required for a vibration? 

seconds. Repeat the experiment and enter your 

findings in the table as before. If you perform the experiment accu- 
rately, the periods of the two amplitudes should be approximately 
the same. WTiat do these results show about the effect of amplitude 

on the period of vibration? 
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Trial 


Amplitude (m,) 


Number of 
Swings 


Total Tdie 
(sec.) 


Period (sec.) 



weigfcf of th 0 bob. In this part of the experiment, you will use the same 
len^ of pendulum and swing the pendulum with the same amplitude, but vary the weight of 
the bob. Weigh a light bob in grams, assemble a pendulum 100 centimeters long, and find the 
period for any amplitude, such as 10 centimeters, through two trials. Weigh a heavier bob in 
^ams, assemble a pendulum of the same length, and find the period for the same amplitude 
though two trials. If you perform the experiment accurately, the periods of the two bobs 
should ^ approximately the same. Enter your findings in the appropriate spaces of the fol- 



Trial 


Weight of Bob (g.) 


Number op 
Swings 


Total Time 


Period (sec.) 


100 


100 


100 


100 


findings in the follnwino- toKio ^ r period for each pendulum and enter your 

f: thCr 


Trial Length (meiers) 


Square Root of 
Length 


Time op 100 Swings 
(sec.) 


Pehuod (sec.) 


0.36 


0.64 


0.81 


1.00 


1.21 
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CONCLUSIONS 

1. What is a simple pendulum? 


2. How does a component of gravity cause a pendulum to swing? 


3. What relation, if any, exists between the period and amplitude of a pendulum? 


4. What relation, if any, exists between the period and weight of the bob of a pendulum? 


5. What relation, if any, exists between the period and length of a pendulum? 


6. Using the data obtained in this experiment, show the relation between the period and 
length of a pendulum by plotting a graph. 

7. How does air resistance interfere with finding accurate data on the period of a pendulum? 


PRACTICAL APPLICATIONS 

1. Why is a compound pendulum rather than a simple pendulum used in a clock? 
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2. How would you adjust the bob of the paufadtan of a clock to make the clock run 


« * • 




• • 


3. Other factors being similar, why does a clock with a light bob keep the same time 


« « 




clock with a heavy bob? 


as a 




» • 


4 • 


4. How can you determine how long a pendulum must be in your part of the country i 




to beat seconds? . 


m order 




5. How can a pendulum be used in finding the value of gravity? 


6. WTiat other de\'ices besides 
dulum? . . . 


• • 


a clock can you mention that operate on the principle of a pen- 




Class Period 


Date 


Name 


^EXPERIMENT TWENTY-THREE 

Mechanical Advantage of Levers 

How would you determine the mechanical advantage of a lever? 

• References: Aerodynamics for Pilots, C.A.A. No. 26, pages 8-11 

Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 218-219 

Science for the Citizen, by Lancelot Hogben, pages 232-237 

Introduction. A lever operates on the principle of moments of force, a moment of force being 
the product of the force and the perpendicular distance from the point of application to the 
fulcrum. The chief purpose of the lever is to multiply effort in overcoming resistance. Thus 
a small force, called the effort, placed at one distance from the fulcrum on the lever may be 
used in overcoming a greater force placed nearer the fulcrum. The number of times that a 
lever multiplies the effort in overcoming resistance is known as the actual mechanical advan- 
tage of the lever. If M.A. represents the actual mechanical advantage, R represents the 
resistance to be overcome, and E refers to the effort applied, the actual mechanical advantage 
may be determined by the use of the following equation: M.A. = R-hE. 

Always in the use of a lever as in the use of any machine, part of the effort applied is 
consumed in overcoming friction. The mechanical advantage in which friction is ignored is 
known as theoretical mechanical advantage. If T.M.A. represents the theoretical mechani- 
cal advantage, the theoretical mechanical advantage may be determined by the use of the 
following equation: T.M.A. = effort arm resistance arm. 

APPARATUS 

Meter stick, knife-edge clamp, lever support, support rod, pulleys, weights, clamps, and string. 

PROCEDURE 

Lever with the fulcrum between the resistance and effort. Place a knife-edge clamp on a uni- 
form meter stick at its center of gravity and balance the meter stick on the lever support. 
By means of string, suspend a large weight to one arm of the meter stick not far from the ful- 
crum. Suspend a smaller weight on the other arm of the meter stick at such distance from the 
fulcrum as necessary to make the lever balance. Consider the large weight the resistance R, 
and the small weight the effort E. To find the actual mechanical advantage, substitute the 
values for R and E in the equation M.A. = R^E. The actual mechanical advantage is 


Next measure the distance from the resistance to the fulcrum and the distance 



from the effort to the fulcrum. Consider the distance from the large weight to the fulcrum 
the resistance arm, and the distance from the small weight to the fulcrum the effort arm. To 
find the theoretical mechanical advantage, substitute the values for resistance arm and effort 
arm in the equation T.M.A. ^effort arm resistance arm. The theoretical mechanical advan- 
tage is 

Dynamic Physics References: pages 263-267 
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EntCT your findings in the following table. Repeat the experiment two more times usino 
other weights for resistance and effort, and enter your findings as before. ' “ 


Trial 

Resistance (g,) 

Effort (g,) 

M.A, 

Resistance 
Arh (cm.) 

Effort 
Arm (cm.) 

T.M.A. 

1 

1 

1 




> 


2 

i 

1 





3 

4 







Difference 

IN 

M.A/s 



we,Ht .o^lLTr tte'Xfr cir 

as before. The actual mechanical advanfacrA lo •% 

mechanical advantage as before n^ino- fho ^ ^ t Calculate the theoretical 

meter stick to the fffort 1'^'' tied to the 

mcrum as the effort arm. The theoretical mechanical advantage is 

r weighte for resisteLT a^d experiment twice again, using 


Trial 

Resistance ( g .) 

1 

Effort ( g .) 

M.A. 

1 

1 

1 i 



j 

> 

9 ‘ 

S 1 

1 



3 1 



Resistance 
Arm (cm,) 


Effort 
Arm (cm.) 


T.M.A. 


Difference 

IN 

M.A/S 


lever support at the centei^of ^avky Tnd Balance the meter stick on the 

one end of a cord around the a^ beLeen Te one of the arms. Tie 

the .ete. Manee. .H. ease conf^rriXet^r 
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weight the effort E, Calculate both the actual mechanical advantage and the theoretical 
mechanical advantage as before. The actual mechanical advantage is and the 


theoretical mechanical advantage is 



Enter your findings in the following table. Repeat the experiment twice again, using 
other weights for resistance and effort, and enter your findings as before. 


Trial 

Resistance (^.) 

1 

1 

Effort (q.) 

M.A. ! 

Resistance 

Arm (cm.) 

Effort i 
Arm (cm.) 

T.M.A, 

Difference 

IN M.A/s 

1 


1 




i 


2 



1 

1 

1 



3 

1 

1 

1 

1 

1 

1 






CONCLUSIONS 

1. In the case of a lever with the fulcrum between the resistance and effort: (a) When is the 


mechanical advantage one? 


(6) Why may the mechanical advantage be either greater or less than one? 


2. In the case of a lever with the resistance between the fulcrum and effort: (a) When is the 
mechanical advantage one? 


(6) Why is the mechanical advantage never less than one? 
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• • 




In the case of a lever with the effort between the fulcrum and resistance: 
mechanical advantage one? 



(6) Why is the mechanical advantage never more than one? 




Why are the actual mechanical advantage and the theoretical mechanical advantage of a 


lever so nearly the same? 


► • • • 


4 


PRACTICAL APPLICATIONS 

1. Mention an example of a lever with the fulcrum between the resistance and the effort. 




• « 




• • 


2. Mention an example of a lever with the resietanee between the fulcrum 


• • 




and the effort. 


9 9 4 4 


4 4 


3. Mention an example of a lever with the effort between the fulcrum 




and the resistance. 


4 • 


• « 


« » 


4 4 




» • 


• • 


4. Why are you concerned with mechanical advantage in the use of a lever? 


* 


• • « 


5. 


For general purposes which type of lever is least convenient to use? 


« « 
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Date 


Name 


^EXPERIMENT TWENTY-FOUR 


Wheel 


wheel 


References: Elementary Practical Mechanics, by J. M. Jameson and C, W. 

Banks, pages 216, 219-221 

Science for the Citizen, by Lancelot Hogben, pages 232-237 

Introduction* A wheel and axle consists of a wheel fastened securely to an axle so that both 
parts turn aroxind the same axis. In this device the resistance is attached to the circumference 
of the axle and the effort is applied to the circumference of the wheel. Thus the radius of the 
axle serves as the resistive arm and the radius of the wheel as the effort arm. If M.A. represents 
the actual mechanical advantage, R represents the resistance attached to the circumference 
of the axle, and E represents the effort applied to the circumference of the wheel, the actual 
M.A. may be determined by use of the equation; M,A. = 12-^^. The theoretical mechanical 
advantage is equal to the distance through which the effort moves divided by the distance 
tl^ough which the resistance moves. If R represents the radius of the wheel, 2irR represents the 
distance the effort moves in one revolution of the wheel. If r represents the radius of the axle, 
27rr represents the distance the resistance moves in one revolution of the axle. Therefore the 
theoretical mechanical advantage may be found by applying the following equation: 

T.M.A.=|^or-. 

Zwr r 


APPARATUS 

Wheel and axle, support rod, meter stick, clamps, weights, 
and string. 

PROCEDURE 

Suspend the wheel and axle from a support. By means of 
string fasten a large weight to the circumference of the axle. 
Then by means of string fasten to the circumference of the 
wheel another weight just heavy enough to cause the first 
weight to rise slowly, once it has been started. Find the 
actual mechanical advantage by substituting the values of 
the weights in the equation M.A. — R^E. The actual 

mechanical advantage is Measure the radius 

of the axle and the radius of the wheel. The radius of the 

axle is centimeters. The radius of the wheel 

is centimeters. Find the theoretical mechani- 

cal advantage by substituting these values in the equation 

T.M.A. =— . The theoretical mechanical advantage is . . . . 



Enter your findings from this experiment in the appropriate spaces of the composite 
record. Then repeat the experiment, using different weights for resistance and effort. Change 
to a larger or smaller wheel and axle, if one is available, and repeat the experiment twice more. 
Enter your findings as before. 

Dynamic Physics References: pages 268-270 
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COMPOSITE RECORD 


TWAt 


Resistance (j.) 


Effort { g .) 


M.A. 


Radius of 

Wheel (cm.) 

Radius op 
Axle (cm.) 


1 













Dipfebencb 

IN M:.A.’8 


CONCLUSIONS 

1. In this experiment, the effort moved faster than the 

2. The mechanical advantage was greater than one because the arm 

was longer than the arm. 

3. The mechanical advantage of a wheel and axle is one when the arm 

equals the arm. 

4. The mechanical advantage of a wheel and axle is less than one when the 

arm is less than the arm. 


PRACTICAL APPLICATIONS 

1. What apparatus using the wheel and axle is referred to in the song “The Old Oaken 

Bucket”? 

2. How does the wheel and axle play a part in the operation of a bicycle? 


3. Why is any cranking device a modification of the wheel and axle? 


4. Explain how the wheel and axle is used in a piece of farm machinery or household equip- 
ment 
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Class Period 


Date 


Name 


EXPERIMENT TWENTY-FIVE 

Mechanical Advantage of Pulleys 

How would you determine the mechanical advantage of a pulley or system of pulleys? 

References: Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 221-226 

Science for the Citizen, by Lancelot Hogben, pages 236-237 

Introduction, Pulleys are widely used both singly and in combinations. A single pulley 
attached to a fixed support is known as a fixed pulley. When such a pulley is used, the resist- 
ance is fastened to one end of the rope passing around the pulley and the effort is applied to 
the other end. A single pulley that is raised or lowered by means of a rope fastened to a fixed 
support at one end and passing around a fixed pulley at the other end is known as a movable 
pulley. When this pulley is used, the resistance is suspended from the movable pulley and the 
effort is applied to the end of the rope that passes around the fixed pulley. A combination of 
fixed pulleys and movable pulleys, such as the ordinary block and tackle, is known as a system 
of pulleys. Pulleys are used, first, because they provide mechanical advantage, and, second, 
because they change the direction of force. The actual mechanical advantage, M.A., of a pulley 
or system of pulleys is the ratio of the resistance R to the effort E, The theoretical mechanical 
advantage, T.M.A., is equal to the number of strands supporting the resistance K, or the ratio 
of the distance through which the effort E moves to the distance through which the resist- 
ance R moves. 

APPARATUS 

Single fixed pulley, single movable pulley, double fixed pulley, double movable pulley, sup- 
port rod, weights with hooks, and cord. 

PROCEDURE 

The fixed pulley. Suspend a single fixed pulley from a support and run a cord over the 
pulley. Fasten a weight to one end of the cord and suspend sufficient weights from the other 
end of the cord to cause the first weight to rise slowly, once it has been started. What is the 

value in grams of resistance R, or the weight pulled up? grams. What is the 

value in grams of effort E, or the weights that lift the resistance? 

grams. According to these weights, what is the 

actual mechanical advantage of the single fixed pulley? 

How many strands of cord support the resistance? 

According to this number of strands, what is the theoretical 

mechanical advantage of the pulley? How does 

a single fixed pulley change the direction of a force? 


Repeat the experiment twice more, using different weights 
for resistance R, Enter your findings for all three trials in the 
following table. 

Dyrunnic Physics References: pages 270-272 
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Tbial 


Resistance (j.) 


Effort ( g .) 


M.A. 


Strands Supporting 
Resistance 


T.M.A. 






The movable pulley. Suspend a movable pulley by passing 
a cord around the pulley and fastening one end of the cord 
to a fixed support. Pass the other end of the cord over a fixed 
pulley fastened to the same support. Suspend a weight from 
the movable pulley and fasten sufficient weights to the end 
of the cord passing over the fixed pulley to. cause the first 
weight to rise slowly, once it has been started. What is the 
value in grams of resistance R, or the weight suspended from 

grams. What is the value 

in grams of effort E, or the weights that cause the resistance 


to rise? How 


can you account for the fact 


that the effort is smaller than the resistance? 


What is the actual mechanical advantage of the single movable pulley? 

does this actual mechanical advantage compare with that of the single fixed pulley? 


How 


How many strands of cord support the resistance of the single movable pulley? 
What IS the theoretical mechanical advantage of the pulley? 
theoretical advantage compare with that of the single fixed pulley? 


. How does this 


trial Enter f ' weight for the' resistance in each 


your findings for all trials in the following table. 


Trial 


Resistance { g .) 


Effort { g .) 


M.A. 


Strands Supporting 
Resistance 


T.M.A 
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A system of pulleys. Suspend a double fixed pulley from a sup- 
port and from this system suspend a movable pulley by running 
the cord around the pulleys as shown in the drawing at the left. 
Suspend a weight from the movable 


pulley and fasten sufficient weights 
to the end of the rope passing over 
the upper fixed pulley to cause the 
first weight to rise slowly, once it has 
been started. Determine the actual 
mechanical advantage and theoreti- 
cal mechanical advantage in the 
same manner as before. Repeat the 
experiment twice more, using a dif- 
ferent weight for the resistance in 
each trial, and enter your findings 
for all trials in the first table below. 

Suspend a double fixed pulley 
from a support and from this system 
suspend a double movable pulley by 
running the cord around the pulleys 
as in the drawing at the right of the 
page. Suspend a weight from the 
movable system and fasten sufficient 
weights to the end of the rope pass- 




ing over the upper fixed pulley to cause the first weight to rise slowly, once it has been started. 
Determine the actual mechanical advantage and the theoretical mechanical advantage as 
before. Repeat the experiment twice more, using a different weight for the resistance in each 
trial, and enter your findings for all trials in the second table below. 


With double fixed pulley and one movable pulley 


Trial Resistance [ g .) 


Effort { g .) 


M.A 


Strands Supporting 
Resistance 


T.M.A 



With double fixed pulley and double movable pulley: 


Trial 


Resistance { g .) 


Effort { g .) 


M.A 


Strands Supporting 
Resistance 


T.M.A 





CONCLUSIONS 

1. How do you find the actual mechanical advantage of a pulley or system of pulleys? 


2. How do you find the theoretical mechanical advantage of a pulley or system of pulleys? 


3. Why is a single fixed pulley ever used, since it has an actual mechanical advantage of less 
than one? 


4. Why has a single movable pulley a greater theoretical mechanical advantage than a single 
fixed pulley? 


PRACTICAL APPLICATIONS 

1. What arrangement of pulleys does a farmer generally use in transferring hay from a wagon 
to a barn? 


2. W hy are pulleys used in raising and lowering 


an awning? 


3. W hy is a pulley used in raising and lowering a flag? 


4. Mention other situation, in which pulleys are used and indicate why they are used. 
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Class Period 


Date 


Name 


•^EXPERIMENT TWENTY-SIX 


Mechanical Advantage of an Inclined Plane 

How would you find the mechanical advantage of an inclined plane? 

References: Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, page 219 

Science for the Citizen, by Lancelot Hogben, pages 237—250 

Introduction. The machine known as an inclined plane is merely a surface inclined at an angle 

with the horizontal. Such a machine is widely used because it provides a convenient means of 

moving an object from one level to another. The Egyptians used it in moving heavy stones 

to the high parts of the pyramids, and doubtless without it the pyramids could not have been 

built. A truckman uses it when he slides or rolls an object up or down a sloping plank at the 

rear of his truck. An autoist uses it when he drives his automobile up or down a hill in a road. 

A person uses it when he walks up or down a stairway, because a series of steps is merely a 
modification of an inclined plane. 

The actual mechanical advantage, M.A., of an inclined plane is the resistance divided by 
the effort. If R represents the resistance and E represents the effort applied, the actual mechan- 
ical advantage may be determined by the use of the equation: M.A. = R E. The theoretical 
mechanical advantage, T.M.A., of an inclined plane is the length of the plane divided by its 
height. If I represents the length of the plane and h represents the height, the theoretical 
mechanical advantage may be determined by the use of the equation: T.M.A. ^ I h. 


APPARATUS 

Inclined plane fitted with a fixed pulley at one end; support rod, trip balance, weight pan, 
weights, and cord. 

PROCEDURE 


Set up an inclined plane on the top of a laboratory table, as shown in the accompanying draw- 
by placing the pulley end of the board on the cross arm of a support rod. Be certain that 
the board is firmly supported and that it doesn’t change its position during the experiment 



except when you make adjustments. The length of the inclined plane is the length of the 
board, and the height is the vertical distance from the raised end of the board to the top of 
the table. Adjust the height of the raised end so that the angle which the board forms with 
the top of the table is approximately 30<’. Place an object weighing about 1000 grams in the 

Dynamic Physics References: pages 272-274 
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iron car and weigh the two together to determine the resistance. The resistance is ^ _ 

grams. Set the loaded iron car on the lower end of the inclined plane, tie a cord to one ^ 
of the car, and extend the cord over the pulley at the upper end of the inclined plane. Determine 

the weight of the weight pan in grams. What is the weight of the weight pan? 

grams. Tie the weight pan to the loose end of the cord so that it hangs just beneath the puiley 
Put sufficient weights in the weight pan to cause the iron car and its load to move slowly up the 
incline, once it has been started. Add the weights in the weight pan to the weight pan to 

determine the effort applied. What is the effort in grams? grams. According 

to the relation of resistance and effort, what is the actual mechanical advantage of the inclined 

plane? 

Measure in centimeters the length and height of the inclined plane. What is the length? 

; centimeters. What is the height? centimeters. According to the 

relation of the length and height, what is the theoretical mechanical advantage of the inclined 

plane? 

Repeat the experiment twice more, keeping the inclined plane at the same angle but 
changing the load in the iron car. Enter your findings for all three trials in the composite 
record. How does changing the load affect the mechanical advantage of the inclined plane? 


Repeat the experiment three times, using the same load in the iron car, but changine the 
angle which the inclined plane forms with the top of the table. Enter your findings in the com- 
posite record as before. How does changing the angle of the inclined plane affect the mechani- 
cal advantage? 


COMPOSITE RECORD 


Trial 

1 

2 

3 

4 

i 

i 

i’ 5 

6 

Resistance (g.) 




1 

1 

I 

1 

1 

( 

1 

* 

Effort applied (g.) 




1 . 

1 

Lengrth of inclined plane (c?n.) 




t • 1 

1 

4 * 

1 1 

' 1 1 

1 

Height of inclined plane (cm.) 



1 ! 


Actual mechanical advantage 



r 

1 

1 

1 i 

1 1 


Theoretical mechanical advantage 



1 


( 



96 



CONCLUSIONS 


1. How would you find the actual mechanical advantage of an inclined plane? 


2. How would you find the theoretical mechanical advantage of an inclined plane? 


3. Why is the actual mechanical advantage of an inclined plane always less than the theoretical 
mechanical advantage? 


4. What factors cause the mechanical advantage of an inclined plane to change? 


PRACTICAL APPLICATIONS 

1. Why is it easier to walk up a slope to a certain elevation than to climb a cliff to reach the 
same elevation? 


2. Why are stairways rather than ladders used in houses? 


3. Why is the inclined plane widely used around warehouses? 
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4. Mention a purpose for which the inclined plane is used on a farm. 


% 



6. Why is a wedge a form of inclined plane? : 


6. Why is a screw a form of inclined plane? 


• 4 


7 . Relate an experience in which you have made use of the inclined plane. 


Class Period 


Date 


Name 


EXPERIMENT TWENTY-SEVEN 

Coefficient of Friction 

What meihotk may be used in determining the coefficient of friction? 

References: Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 202-212 

World and Man, The, by Forest Ray Moulton, page 108 

Introdtiction. Friction is the resistance that an object encounters when its surface slides or 
rolls over the siirface of another object. All machines are affected by friction. In some instances 
their operation depends primarily upon friction, as with the plates of an automobile clutch or 
a wheel turned by a belt. In other instances the operation of machines is hindered by friction, 
as with a screw turning in wood or a wheel turning on an axle. To lessen the effects of friction 
when it reduces the efficiency of machines, machinists apply oil or grease to the surfaces in con- 
tact. The amount of friction differs with different kinds of materials, some producing far more 
than others. In considering the effects of friction on machines, engineers use a ratio known as 
the coefficient of friction. This ratio is the relation of the force parallel to the surface required 
to cause one surface to slide or roll over another to the perpendicular force of gravity that pulls 
the surfaces together. You will now consider two methods of finding the coefficient of friction. 

APPARATUS 

Inclined plane fitted with pulley at one end, support rod, smooth blocks of wood with a hook 
in the end, pieces of plate glass, pieces of rubber, meter stick, spring balance, weights, and string. 

PROCEDURE 

Comparison of forces. Place the inclined-plane apparatus in a horizontal position on the 
top of a laboratory table with the pulley extending over the edge of the table as shown in the 
accompanying drawing. Weigh in grams a block of wood and place the block on the end of the 
inclined plane away from the pulley. Place a weight of known value, such as a 1000-gram 



weight, on the block. What is the combined weight of the block and weight? 

grams. Tie a cord to the hook on the end of the block and extend the cord over the pulley. 
Weigh in grams a weight pan and suspend the weight pan from the cord just below the pulley. 
Place sufficient weights in the weight pan to cause the block to slide slowly toward the pulley, 
once it has been given a start. What is the combined weight of the weight pan and weights? 

grams. Divide the force used to overcome friction (weight of weight pan and 

weights) by the weight causing friction to find the coefficient of friction. What is the coefficient 

of friction? Repeat the experiment again, using different weights upon the 

block, and enter your findings in the appropriate spaces of the following table. 

Dynamic Physics References: pages 281-288 
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experiment through two trials, using a piece of rubber for the resistance rather 
thM the wooden block. Determine the coefficient of friction in the same manner as before 
and OTter your findings in the appropriate spaces of the table. 

experiment through two trials, using a piece of glass for the resistance rather 
uian the wooden block. Determine the coefficient of friction as before and enter your findinpq 
in the appropriate spaces of the table. 

Repeat the experiment through two trials, dragging a piece of rubber over a glass plate. 
Determine the coefficient of friction and enter your findings in the table. 


Trial 

MATEBiAm Used 

Weight Causing 
Friction (g.) 

Force Overcoming 
Friction (ii.) 

1 

Wood on wood 


2 

Wood on wood 


1 

Rubber on wood 


2 

Rubber on wood 



1 

Glass on wood 



2 

1 

Glass on wood 



1 

Rubber on glass 



2 

Rubber on glass 




Coefficient 
OP Friction 


Place the wooden block on one end of the inclined plane and 
! end of the plane until the block slides slowly down the incline, once it has been 

starte^ Support the elevated end of the plane by means of a cross arm from the upright 
support. Measure in centimeters the height of the inclined plane? What is the height? 

centimeters. 



Measure in centiroeters the base of the inclined plane. To measure the base susnend a 
cord from the elevated end of the plane and measure the horizontal distance from Ms cord 
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to the other end of the plane. What is the base of the inclined plane? centimeters. 

To find the coefficient of friction, divide the height of the inclined plane by the base. Repeat 
the experiment and enter your findings for both trials in the following table. 

Repeat the experiment, using rubber on wood, glass on wood, and rubber on glass. Perform 
the experiment twice with each combination of materials and enter your findings in the table 
as before. 


Trial 

Materials Used 

1 

Height of 

Inclined Plane (cm.) 

1 

Base of 

Inclined Plane (cm.) 

Coefficient 

OF Friction 

1 

1 

Wood on wood 


1 

1 


2 

Wood on wood 


1 

1 

1 


1 

Rubber on wood 


1 

1 

1 


2 

Rubber on wood 




1 

Glass on wood 




2 

1 

1 

Glass on wood 

1 

1 

1 

1 


1 

Rubber on glass 

1 

1 

1 


2 

Rubber on glass 





CONCLUSIONS 


1. What do you understand by the coefficient of friction? 


2. How can you find the coefficient of friction by a comparison of forces? 


3. How can you find the coefficient of friction by the inclined-plane method? 


4. How does this experiment show that the coefficient of friction varies with different materials? 
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5. How does the ^cperiment show that the difference in pressure on the frictional ^urfacte 

I • 

( 

• 4 

4 

has no effect on the coefficient of friction? 


6. How does the angle of the inclined plane affect the coefficient of friction? 


PRACTICAL APPLICATIONS 

1. How does an automobile depend upon friction for traction? 


2. How does friction enable a locomotive to pull a train of cars? 


3. How is a person helped by friction in walking or running? 


4. Mention several machines the efficiency of which is lessened by friction? 


5. How do oil and grease lessen the effects of friction? 
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^EXPERIMENT TWENTY-EIGHT 

Efficiency of Machines 

How would you determine the efficiency of a simple machine? 

References: Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 213-234 

Science for the Citizen, by Lancelot Hogben, pages 594-596 

Introduction. The efficiency of a machine may be defined as the ratio of the output work to 
the input work. Every machine has more or less friction that uses up more or less of the input 
work and hence lowers the efficiency of the machine. Engineers, in designing machines, seek 
to reduce friction to a minimum, so that as much input work as possible may apply on the 
output work. The problem of finding the efficiency of a simple machine, such as an inclined 
plane or wheel and axle, is fairly simple, but the problem of finding the efficiency of a machine 
of many parts is extremely complicated. The difficulty arises from the fact that complex 
machines are combinations of simple machines, each simple machine using some of the input 
work and contributing something to the output. In this experiment you will consider only 
the efficiency of simple machines. 

APPARATUS 

Inclined plane fitted with pulley at one end, wheel and axle, support rod, iron car, meter stick, 
trip balance, weight pan, weights, and string. 


PROCEDURE 

E/Fieiency of an inclined plane. Set up an inclined plane, as shown in the accompanying 
drawing, by placing the pulley end of the plane on an arm of the tripod support. Place a 
weight in the iron car and weigh the combination in grams on a trip balance. What is the 


weight? grams. Place the iron car and load on the lower end of the inclined 

plane, tie a cord to the iron car, and pass the cord over the pulley at the raised end of the plane. 
Suspend a weight pan on the loose end of the cord just beneath the pulley. Place sufficient 



weights in the weight pan to cause the iron car to move slowly up the incline, once it has been 


started. What is the weight of the weight pan and weights? grams. 

Dynamic Physics References: pages 289-292 
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Measure in centimeters the vertical distance that the car and load rise. What is the 

^tance? centimeters. Multiply this distance by the weight in grams of the 

iron car and load to determine the gram-centimeters of work done by the machine. The out- 
put work of the machine is gram-centimeters. Measure in centimeters the 

vertical distance that the weight pan and weights move in pulling the iron car and load. What 

is the distance? centimeters. Multiply this distance by the weight in grams of 

the weight pan and weights to determine the gram centimeters of work put into the machine. 

The input work of the machine is gram-centimeters. Divide the output work 

by the input work to find the efficiency of the machine. The efficiency is 

Repeat the experiment two more times, changing the load of the iron car and the angle of 
the inclined plane. Enter your findings for all three trials in the following table. 


Trial 


Resistance or weight of car and lo ad (g.) 
Vertical distance car travels (cm.) 


Output work (gram-centiTneie rs) 


Force used to overcome resistance 


Vertical distance force moves (cm . ) 
Input work {gram-cenivmeiers) 


Efficiency of inclined plane 


Efficiency of wheel and axle. Suspend a wheel and axle from a support, as shown in the 

accompanjdng illustration. By means of a string, fasten a large 
weight of known value to the circumference of the axle. What is 

the value of the weight in grams? grams. Then, 

y means of string, fasten to the circumference of the wheel 
another weight, just heavy enough to cause the first weight to 
rise slowly, once it has been started. What is the value of this 

WGiglit in grams? grams. 

Measure in centimeters the radius of the axle and from this 
meas^ement ca,lculate the circumference of the axle to find out 

moves in one revolution of the machine, 
a IS t e circumference of the axle or distance the resistance 

moves. centimeters. Multiply this distance by the 

value of the resistance in grams to determine the gram-centi- 
meters of work done by the machine. What is the output work? 
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• • gram-centimeterB. Measure in cratimeters the radius of the wheel and from 

this measurement calculate the circumference of the wheel to find out how far the effort moves 
in one revolution of the machine. What is the circumference of the wheel or the distance the 


effort moves? centimeters. Multiply this distance by the value of the effort in 

grams to determine the gram-centimeters of work put into the machine. What is the input 

work? gram-centimeters. Divide the output work by the input work to find 


the efficiency of the machine. The efficiency is 

Repeat the experiment twice again, changing the values of the resistance and effort. 
Enter your findings for all three trials in the following table. 


Trial 

1 

1 

1 

2 

3 


Resistance or weight from axle (g.) 


1 


Vertical distance weight moves (cm.) 

1 

\ 

4 

1 

1 

Output work (grarn-centifoetera) 

1 

1 

1 

1 

1 

1 

f 

1 

1 

Force used to overcome resistance (fj.) 

1 

1 



I 

I » 

Vfrrtif-al distance' fofrf? moves ("rm. I I 


Input work (fjram-^entimeter.-'.) 


Flfficienoy of wheel and axle 


CONCLUSIONS 

1. How would you (lefine the efficiency of a machine? 



Why is the etficiency of a machine always less than 100 per cent? 



3. Why are you concerned with friction in increasing the efficiency of a machine? 
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4. Why does the efficiency of an inclined plane increase with the angle of elevation? 


5. In this experiment, how did efficiency vary with the amount of the resistance overcome? 


PRACTICAL APPLICATIONS 

1. Why is grease or oil used in the operation of machines? . . . 


2. Which bearings increase the efficiency of a machine more, roller bearings or ball bearings? 


3. Other things being equal, why does it require more force to pull a load over a hard surface 
on a four-wheel vehicle than on a two-wheel vehicle? ; . . 


4. Why does a Jackscrew have a very low efficiency? 


5. Why is it impossible to build a perpetual-motion machine? 
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EXPERIMENT TWENTY-NINE 

Freezing and Boiling Points 

How are the freezing and boiling points deferntined in calibrating a thermometer? 

References: Elementary Practical Mechanics, by J. M. Jameson and C. W. 

Banks, pages 311-313 

Science for the Citizen, by Lancelot Hogben, pages 544-551 


Introduction, Every standard mercurial thermometer has two important 
points on its scale, the freezing point and the boiling point. In the Centi- 
grade thermometer the freezing point is 0° on the scale and the boiling point 
is 100® on the scale. In the Fahrenheit thermometer the freezing point is 32° 
above the 0° point on the scale and the boiling point is 212°. On the Centi- 
grade scale 100° appear between the freezing and boiling points, and on the 
Fahrenheit scale 180° appear. Thus one degree Centigrade is equivalent to 
I degrees Fahrenheit, and one degree Fahrenheit is equivalent to ^ degree 
Centigrade. The location of the freezing and boiling points on a thermometer 
is especially important, because the accuracy of the complete scale depends 
upon the location of these points. 

APPARATUS 

Glass container, steam generator, Bunsen burner, Centigrade thermometer, 
mercurial barometer, cracked ice, and water. 


c. 


F. 


no 


100 


90 


80 


70 


60 


so 


kl40 




20 


10 


e 

O 
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90 
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60 
so 

^ 40 

32* so 
20 


O 

a> 


1 


20 


SO 




10 
0 
10 
SOH 
SOh 
40 


PROCEDURE 

The freezing point. Fill the steam boiler about half full of water and place 
over a Bunsen burner. While waiting for steam to generate in the boiler, 
fill a glass container partially full of cracked ice. Pour sufficient water into 

the container to fill the spaces around the pieces of ice, 

Q and insert the bulb of a Centigrade thermometer in the 

[| ice water. Allow the thermometer to remain in the 

water until the level of the mercury becomes fixed. Then place your eyes 
on a level with the top of the mercury and take the reading on the ther- 
mometer to an accuracy of 0.1 degree. This reading, according to your test, 
represents the freezing point of the thermometer. In writing the reading, 
place a plus sign (+) before the reading if it is above the zero point on 
the scale and a minus sign ( - ) before the reading if it is below the zero 

point. What is the freezing point according to your test? 



The boiling point. Remove the thermometer from the ice water and pass it 
partially through a one-hole rubber stopper. Insert the stopper in the steam 
boiler so that the bulb of the thermometer comes into full contact with the 
steam. Allow the thermometer to remain in the steam until the level of the 
mercury becomes fixed. Then place your eyes on a level with the top of the 
mercury as before and take the reading to an accuracy of 0.1 degree. This 
reading, according to your test, represents the boiling point of the ther- 


mometer. What is the boiling point? 

Dynamic Phync^^ References: pages 303-307 
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The true boiling point on a thermometer varies with the barometric pressure. In setting 
the boiling point of a Centigrade thermometer at 100°, scientists assume that the barometric 
pressure is 76 centimeters. If the pressure is high^ than 76 centimeters the boiling point is 
higher than 100°, and if the pressure is lower than 76 centimeters the boiling point is lower 
than 100°. A variation of one centimeter in pressure causes about 0.37° difference in the bofl- 
ing point. To adjust your boiling point on the thermometer take the reading of a mo-curial 

barometer. What is the reading? centimeters. On the basis of this reading 

how many degrees must you add or subtract from your boiling point on the thermometer? 

What is your corrected reading for the boiling point? 


CONCLUSIONS 

1. The on a thermometer is established by placing the 

bulb of the thermometer in ice water. 

2. The of a thermometer is established by bringing 

the bulb of the thermometer into contact with steam. 

3. The of a thermometer is affected by variations in 

barometric pressure. 

4. In calibrating thermometers, scientists usually assume that the barometric pressure is 
centimeters. 


PRACTICAL APPLICATIONS 

1. What did this experiment reveal about the care that must be taken in calibrating a ther- 
mometer? 


2. Why might you expect a cheap thermometer to provide inaccurate readings? 


3. Why should you place your eyes on a level with the top of the mercury when reading a 
thermometer? 


4. What signs should you use with readings near zero on the scale? 


* 
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^EXPERIMENT THIRTY 

Coefficient of Linear Expansion 

How would you determine the coefficient of linear expansion of metals? 

References: Heal, by J. A. Randall, pages 64-100 

Meteorology f by John G. Albright pages, 75-87 

Practical Heat, by Terrell Croft and R. B. Purdy, pages 45-50, 

60-66, 159-186 

Science for the Citizen, by Lancelot Hogben, pages 563—570 

Introduction. Doubtless you have already observed that metals expand when heated. Tele- 
phone wires, for instance, sag in summer more than in winter because the wires are longer. 
In planning the construction of materials made of metal, architects and engineers must make 
allowances for the effects of heat. If they contemplate using a piece of metal for a beam, they 
must calculate how much the beam will vary in length because of changes in temperature. In 
order to determine the variation, they find the expansion per unit length that occurs with a rise 
of one degree in temperature, and multiply this expansion by the total number of degrees that 
the temperature may rise and the original length of the metal. The increase in the unit length 
of a material through a rise of one degree in temperature is known as the coefficient of linear 
expansion. If K represents the coefficient of linear expansion, L\ represents the original length 
of an object, represents the final length of the object, ti represents the original temperature 
of the object, and t^. represents the final temperature of the object, the linear expansion may be 

determined by use of the following equation; K = -r^4 — 

— ii) 

APPARATUS 

Expansion apparatus, steam generator; iron, copper, and aluminum rods; Centigrade ther- 
mometer, meter stick, dry cell, buzzer, electric wiring, rubber tubing, and Bunsen burner. 


PROCEDURE 

Set up the apparatus as shown in the accompanying drawing, by extending pieces of electric 
wire from one post of the expansion apparatus to one post of a dry cell ; from the other post of 
the dry cell to one post of a buzzer; and 

from the other post of the buzzer to the rubber tube from | 

Dost in f.Vip nnnosite end of the exnan- - steam boiler I .. 


from the other post of the buzzer to the 
post in the opposite end of the expan- 
sion apparatus. With a meter stick 
measure in centimeters the length of an 
iron rod and fasten it in the expansion 
apparatus. The initial length of the iron 

rod is centimeters. 

Tighten the screw of the microm- 
eter at one end of the apparatus until 
the buzzer sounds, indicating that the 
micrometer has made contact with the 
end of the rod. Take the reading of the 
micrometer and loosen the micrometer 
screw. Notice that the screw of the 


thermometer 

micrometeK screw 

iron rod \ 


wiring 


steam 

outlet 


dry cell 


buzzer 
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micrometer, which is placed at right angles to the scale of the micrometer, is divided 
parts and that the scale of the micrometer is divided into millimeter divisions. One turn of 
the screw causes it to pass one division of the scale. Therefore the least reading that may be 
taken with the micrometer is one one-himdredth of a millimeter, or 0.001 centimeter. The 

reading of the micrometer screw is centimeters. Take the temperature of the 

iron to 0.1 degree Centigrade, and let this temperature represent the initial temperature of the 
rod. Be careful to hold the thermometer in such a way that it is not affected by the temperature 

of your body. The initial temperature of the iron rod is degrees. 

By means of a rubber tube connect the expansion apparatus with a steam boiler and allow 
steam to pass through. Using a one-hole stopper, fit the thermometer in the apparatus so that 
it is in the path of the steam. After the steam has passed through the apparatus for a few 
minutes, read the thermometer again. What is the present temperature of the iron rod? 


degrees. 

Tighten the screw of the micrometer until it again makes contact with the end of the 

iron rod. What is the reading in centimeters? centimeters. Subtract the first 

reading of the micrometer from the second reading to determine the expansion of the rod. 


What is the difference? 


centimeters. Add this amount to the original length 


of the iron rod to obtain its present length. What is the present length of the rod? 

centimeters. 

Having foimd the original and present temperatures of the iron rod and the original and 


present lengths of the rod, substitute in the equation K 


Lj — Li 

L\{tt — ^i) 


to find the coefficient 


of linear expansion. This coefficient is 

Repeat the experiment twice more, using first a copper rod and second an aluminum rod. 
Enter your findings for all trials in the following table. 


COMPOSITE RECORD 



Kind of Rod 

Iron 

Copper 

Aluminum 


Initial temperature of rod 




Final temperature of rod 




1 

Initial length of rod {cm.) 




First reading of micrometer 




Second reading of micrometer 

1 



Increase in length of rod {era.) 




Final length of rod {cm.) 




Coefricient of expansion 
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CONCiUflONS 

1. How would you define coefficient of linear expansion? 


2. What equation u u^ted in finding the coefficient of linear expansion? 
What doe» each letter represent in the equation? 


8, Why did you use a micrometer to take mont of the mea^-iuremenU in this exf>enment? 


4. Which of the metal-i that you te:^te<] in the experiment .showtnj the greatest coefficient of 
linear expart^ion? 

o. What other dirneruion of the l.»e:^i<leM their len^^th iricrea^e^i hlightly when the rod^ 


were heate<l? 


(loe-v heat affe<*t the volume of rnetah? 


Ai'corriing to these increa-^ in dirnen.'iion.s, how 


^KACTICAL APPLICATIONS 


1. W'hal evi-iente ha'.e 'jij i f-jund m ^nd highways that heat causes certain materials 

to expand*' 


2. W hy laii >uu U.c ha u( u . un or jur by holdin,' the lul und. r hot runnin;/ 


w atrr 


III 



3. How does a thermostat operate on the principle of linear expansion? 


4. Why is the balance wheel of a watch made of two different materials? 


5. "Why do many compound bars bend when they are heated? 


6. Why miist aluminum piston rings in an internal-combustion engine be given greater clear- 


ance than steel piston rings? 


7. How is the dentist concerned with the coefficient of 


expansion in selecting materials for 


fillings? 



Class Period 


Date 


Name 
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experiment thirty-one 

Charles’s Law of Gases 

What effects have changes in temperature upon the volume of a gas, 

if the pressure remains the same? 

References: Heat, by J. A. Randall, pages 139-197 

Meteorology, by John G. Albright, pages 90-92 

Practical Heat, by Terrell Croft and R. B. Purdy, pages 187- 
254, 375-416 

Science for the Citizen, by Lancelot Hogben, pages 413—416 

Introduction. Both the volume and the pressure of a gas increase as the 
temperature increases, and decrease as the temperature decreases. To main- 
tain a uniform pressure of gas, regardless of changes in temperature, artificial 
gas companies usually store gas in large tanks with movable tops. When the 
temper ature rises, the tops of the tanks rise, providing more room for the gas 

and keeping down its pressure. When the temperature falls, the 
tops of the tanks settle, providing less room for the gas and 
keeping up its pressure. The relation of the volume of a gas to 
its temperature is expressed in Charles’s law. According to this 

law, if the pressure of a gas remains constant, the volume varies 
directly with the absolute temperature. 

Absolute temperature is the temperature on a scale calibrated 
upward from absolute zero, a theoretical point at which all molec- 
ular action in substances is supposed to cease. Such a low point 
has never been reached, but scientists, knowing that molecular 
action decreases with temperature, have concluded that if they 
could reduce the temperature far enough, the motionless con- 
dition would prevail. The drawing at the right shows how the 
Absolute scale compares with the Centigrade scale. Observe 
that zero on the Absolute scale is - 273° on the Centigrade scale, and that 0° on the 
Centigrade scale is -f 273° on the Absolute scale. Therefore, in order to transfer 
readings from the Centigrade to the Absolute scale, you add 273° to the Centigrade 
readings, and in order to transfer readings from the Absolute to the Centigrade scale, 
you subtract 273° from the Absolute readings. 

Since Charles’s law deals with the relation between the volume and absolute 
temperature of a gas at uniform pressure, it is frequently expressed in the form of 
an equation. If Vi represents the original volume of a gas, Vj the final volume of 
the gas, Ti the original temperature on the Absolute scale, and T 2 the final temper- 
ature on the Absolute scale, the following relation exists: ~ 

y 2 T 2 

APPARATUS 

Charles’s-law tube, steam generator with extension tube, container filled with 
cracked ice, meter stick. Centigrade thermometer, Bunsen burner, ring stand one- 
hole rubber stopper, rubber tube, and compression clamp. 

PROCEDURE 

Examine the Charles’s-law tube and notice that it includes a column of air trapped 
by a column of mercury. By means of rubber bands fasten the tube securely to a 
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•0* 



steom boiler 


Chorles law tube 


Centigrade 

thermometer 



cracked 
ice 



Bunsen 

burner 


meter stick. Fill the steam boiler about haH 
full of water, close the lower outlet with a 
rubber tube and compression clamp, and 
place the boiler over a Bunsen burner. While 
waiting for the boiler to generate steam, place 
the Charles’s-law tube in a container of 
cracked ice. Take the temperature of the ice 
with a Centigrade thermometer and change 
the reading to the Absolute scale. The tem- 

peratme of the ice water is on 

the Centigrade scale, or on the 

Absolute scale. Measure in centimeters the 
length of the volume of trapped air. The 
length of the volume is centi- 

meters. Remove the Charles's-law tube from 
the ice water and place it in the steam boiler. 
Take the temperature of the steam with the 
Centigrade thermometer and change the 
reading to the Absolute scale. The tempera- 
ture of the steam is on the 


Centigrade scale, or on the Ab- 

solute scale. Measure in centimeters the length of the volume of trapped air. The length of the 


volume is centimeters. Find the coefficient of volume expansion by dividing the 

change in volume by the change in temperature. What is the coefficient of volume expansion? 


Enter your findings in the appropriate spaces of the composite record. Check these find 
ings by repeating the experiment twice and tabulating the results as before. 


COMPOSITE RECORD 


Trial 

1 

2 

3 


Absolute temperature of ice water 

1 

1 

1 


Absolute temperature of steam 




! 

4 

( 

Change of temperature (Absolute scale) i i 

— 1 


Volume of gas at ice temperature 

I 



Volume of gas at steam temperature 




• 

Change of volume of gas ) 

i 



i 

Coefficient of volume expansion of gas 
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CONCLUSIONS 


1. What is Charles's law? 


2. How is Charles’s law expressed in the form of an equation? 

3. In performing this experiment, why did you keep the pressure constant? 


4. Why did you add 273° to the readings of the Centigrade thermometer to obtain the Abso- 
lute readings? 


5. What do you understand by absolute zero? 


6. Why is absolute zero only a theoretical point on the scale? 


PRACTICAL APPLICATIONS 

1. How does the principle of Charles’s law apply to the baking of bread? 


2. Why must you put more air in an automobile tire in winter than in summer to maintain 
the same pressure? 
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3. Why does the wanner air in a room remain near the ceiling? . 


4. Why do artificial-gas tanks usually have movable tops? 


5. What effect does the intense heat in the cylinder of an internal-combustion engine have on 
the volume of gases? 


6. What other illustrations can you mention to show that a gas expands when heated? 
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^EXPERIMENT THIRTY-TWO 

Specific Heat 

How would you determine the specific heat of a substance? 

References: Meteorology, by John G. Albright, page 94 

Practical Heat, by Terrell Croft and R. B. Purdy, pages 67-85 
Science for the Citizen, by Lancelot Hogben, pages 574-583 

Introduction, Substances vary greatly in the amount of heat required to change the tempera- 
ture of corresponding masses of the substances. In other words, some substances absorb and 
give up more heat than others. Water absorbs and gives up more heat than almost any other 
substance. A city situated beside a large body of water usually has a more uniform temperature 
than an inland city, because water changes its temperature more slowly than land. Moreover, 
a city near a large body of water usually has a higher temperature in the fall or early winter 
than an inland city, because the water absorbs more heat than the land during the summer. 
On the other hand, a city near water usually has a lower temperature in the spring or early 
summer than an inland city because the water requires more heat than the land to raise its 
temperature to the same height. Since water absorbs so much heat, it is used as a basis for 
comparing the heat absorption of other substances. The heat absorption of a substance is 
measured in terms of specific heat, or the ratio of the quantity of heat required to raise the 
temperature of a substance one degree to the quantity of heat required to raise the tempera- 
ture of an equal mass of water one degree. Since water is used as a standard, the specific heat 
of water is arbitrarily considered 1,00. Numerically this value means that one calorie of heat 
is required to raise the temperature of one gram of water one degree Centigrade. Therefore, 
the specific heat of any other substance numerically is the number of calories required to raise 
the temperature of one gram of the substance one degree Centigrade. 

APPARATUS 

Double-walled calorimeter; steam generator; Bunsen burner; Centigrade thermometer; chunks 
of lead, iron, and aluminum (each with a volume of about 500 cubic centimeters); trip balance; 
weights, and cord. 


PROCEDURE 

Fill the steam boiler about half full of water and place it over a 
Bunsen burner. While waiting for the boiler to generate steam, 
weigh in grams the inside vessel of a double-walled calorimeter. 

What is the weight? grams. Fill the inside vessel 

about three-fourths full of water and find in grams the combined 

weight of the vessel and water. What is the weight? 

grams. Subtract the weight of the empty calorimeter from the 
latter weight to determine the weight of the water. What is the 

weight of the water? grams. With a Centigrade 

thermometer take the temperature of the water to an accuracy 



of 0.1 degree. What is the 


temperature? 


. Weigh in grams a chunk of lead. What is the weight of the 

Dynamic Physics References: pages 318-323 


117 



lead? grams. By means of a cord, suspend the lead in the boiler and leave it 

long enotigh to take on the temperature of boiling water. Using the same thermometer as 
before, take the temperature of the water to an accuracy of 0.1 degree. What is the tempera- 

t^ire’ Remove the lead quickly from the steam boiler and place it in the 

calorimeter. Find the highest uniform temperature of the water to an accuracy of 0.1 degree 


caused by the heat of the lead. What is the temperatvire? 

To find the specific heat of the lead, apply the principle that the quantity of heat given 
up by the lead in the calorimeter equals the quantity of heat taken in by the water and the 
inner vessel of the calorimeter. The specific heat of water, as already indicated, is 1.0 and the 
specific heat of the inner vessel of the calorimeter, as previously determined, is 0.095. If S 
represents the specific heat of the lead, the quantity of heat given up by the lead is equal to 
the wdght of the lead times its loss in temperature times S. The quantity of heat taken up 
by the water is the weight of the water times its gain in temperature times 1.0. The quantity 
of heat taken up by the inner vessel of the calorimeter is equal to the weight of the vessel 
times its gain in temperature times 0.095. In other words, weight of iron X fall in temperature 
X <S= weight of water X rise in temperature X 1 + weight of inner vessel of calorimeter X 
rise in temperature X 0.095. Substitute found values for different items in this equation and 


solve for S to find the specific heat of the lead. What is the specific heat? 

Repeat the experiment to find the specific heat of iron, and a second time to find the 
^ecific heat of aluminum. Calculate your percentages of error by using accepted values found 
in the Appendix. Enter your findings in the composite record. 


COMPOSITE RECORD 


Name of Solid 

Lead 

Iron 

Aluminum 


Mass (or weight) of solid {g.) 




Mass (or weight) of calorimeter (y.) 




Mass (or weight) of water (g.) 




Original or high temperature of metal 




Second or low temperature of metal 



1 

Decrease in temperature of metal 

1 



Original or low temperature of water and calorimeter 




Second or high temperature of water and calorimeter j 




Gain in temperature of water and calorimeter 




Specific heat of the solid 




Percentage of error 
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CONCLUSIONS 


1. What do you understand by specific heat? 


2. What equation do you use in finding the specific heat of a substance? 


3. Why is water used as a standard in determining specific heat? 


4. Which of the three substances tested in this experiment has the greatest specific heat? 

5. How did the quantity of heat lost by each metal in this experiment compare with the heat 

absorbed by the water and inner vessel of the calorimeter? 


6. How does this experiment help to prove the law of the conservation of energy? 


PRACTICAL APPLICATIONS 

1. Why is the sand along a beach hotter on a hot summer day than the water along the beach? 


2. Why does a hot-water bottle stay hot longer than a heated brick of the same weight and 
initial temperature? 


119 



3. Why shofuld a liquid iised in the radiator of an automobile have a high specific heat? 


4. \Miy is iron rather than some other metal used in making an old-fashioned flatiron for 
ironing clothes? 


5. Othe- conditions being the same, why does the soil of a well-drained farm get warm earlier 
in the spring than the soil of a poorly drained farm? 


6. W*hy does a change of temperature along a beach in summer cause a change in the direc- 
tion of the wind? 
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4^EXPERIMENT THIRTY-THREE 

Heat of Fusion of Ice 

How would you find the heat of fusion of ice? 

References; Heat, by J. A. Randall, pages 101-138 

Practical Heat, by Terrell Croft and R. B. Purdy, pages 269- 
374, 545-604 

Science for the Citizen, by Lancelot Hogben, pages 583-586 

Introduction. If you were to place a pan of cracked ice over some source of heat, such as a 

Bunsen burner, the ice would begin to melt and you would soon have a mixture of ice and water. 

As the heating continued, you might expect the temperature of the mixture to rise, but upon 

stirring with a thermometer you would find that it remains the same — namely, 0° Centigrade — 

xmtil the last bit of ice melts. The reason for this constant temperature is the fact that ice 

and other solids absorb certain quantities of heat in changing into liquids. Conversely, water 

and other liquids give off certain quantities of heat in changing into solids. The amount of 

heat required to change one gram of a substance from a solid to a liquid without increasing its 

temperature is called the heat of fusion of the substance. The heat of fusion of ice, for instance, 

is about 80 calories, which means that when a gram of ice melts, it absorbs 80 calories of heat 

from its surroundings; and when a gram of water freezes, it releases 80 calories of heat to its 
surroundings. 

APPARATUS 

Double-walled calorimeter, thermometer, trip balance, weights, and cracked ice. 

PROCEDURE 

Weigh in grams the inner vessel of the calorimeter. What is the weight? grams. 

Fill the vessel three-fourths full of water and find the combined weight in grams of the calorim- 
eter and water. What is the combined weight? grams. Prom this weight 

subtract the weight of the vessel alone to find the weight of the water. 

The weight of the water is grams. Take the tempera- 

ture of the water to an accuracy of 0.1° Centigrade. What is the 

temperature? Place the inner vessel and water in the 

outside vessel of the calorimeter and add about 30 grams of ice to the 
water. Using the same thermometer as before, take the temperature 
of the water to an accuracy of 0.1° Centigrade at the moment when 

the last piece of ice disappears. What is the temperature? 

This temperature less 0° represents the change in temperature of the 
mass or weight of the water formed from the ice, since the original 
temperature of the ice was 0°. Subtract this temperature from the 
temperature of the original water to find out how much the temperature 

of the original water has declined. What is the difference? 

Find in grams the combined weight of the inner vessel of the 

calorimeter and water. What is the weight? grams. From this weight sub 

Dynamic Physics References: pages 324-328 

121 


thermometer 



calorimeter 



tract the former weight of the vessel and water to obtain the weight of the water focmAd 


occurs 


the 


weight of the ice. What is the weight of the ice? , • • grams. 

To find the heat of fusion of ice, apply the principle that the quantity of heat taken in 
by the ice in melting equals the quantity of heat given up by the water and the inner vessel 
of the calorimeter. If H represents the heat of fusion, the quantity of heat taken in by the 
ice is equal to the weight of the ice times H. The quantity of heat taken in by the water formed 
from the ice equals the weight of ice times the fin^ temperature times 1.0. The specific heat of 
water, as already indicated, is 1.0 and the specific heat of the inner vessel of the calorimeter 
as previously determined, is 0,095. The quantity of heat given up by the water is equal to the 
weight of the original water times its loss in temperature times 1.0. The quantity of heat given 
up by the inner vessel of the calorimeter is equal to the weight of the vessel times its loss in 
temperature times 0.095. In other words, weight of the ice X H + weight of the ice X the 
final temperature of mixture X 1.0 = weight of original water in calorimeter X loss in tempera- 
ture X 1.0 + weight of inner vessel of calorimeter X loss in temperature X 0.095. Substitute 
found values for the different items in this equation and solve for H to find the heat of fusion 

of ice. On the basis of this calculation, the heat of fusion of ice is calories. 

Repeat the experiment twice more and enter your findings for all three trials in the com- 
posite record. Then, using 80 calories per gram as the accepted value of the heat of fusion of 
ice, find your percentage of error for each trial. 


COMPOSITE RECORD 


Trial 

1 

2 

3 


Mass (or weight) of calorimeter {g.) 




Mass (or weight) of original water {g,) 


Mass (or weight) of ice (g.) 




Original temperature of water and calorimeter 


* 

1 


1 

Final temperature of water and calorimeter 




Loss in temperature of original water and calorimeter 


Temperature of ice 


0° 

0° 

Temperature of water formed from ice 




Gain in temperature of water formed from ice 




Heat of fusion of ice (calories per gram) 




Accepted value of heat of fusion of ice 

Percentage of error 

80 

80 

80 
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CONCLUSIONS 

1. What do you understand by heat of fusion? 


2. What equation do you use in calculating the heat of fusion? 

3. Why do you need to use specific heat in calculating the heat of fusion? 


4. In performing this experiment, why did you need to consider the quantity of heat given up 
by the calorimeter? 


5. Why did you consider only the inner vessel of the calorimeter? 


6. Why did you expect the quantity of heat giv^en up by the water and the inner vessel of the 
calorimeter to equal approximately the heat absorbed by the ice in melting? 


PRACTICAL APPLICATIONS 

1. Why does the melting of ice in an ice-cream freezer cause ice cream to freeze? 


2. How does heat of fusion help to explain the principle of refrigeration? 



3, How does the movement of air over cakes of ice in a cooling system help to keep a theater 
cool in summer? . . , . 



4. Why must the ice melt in an old-fashioned ice box in order to be effective as a refrigerant? 


6. Why does a fanner occasionally place a tub of cold water in his basement on a cold winter 
night to preserve fruits and vegetables? 


6. How does a large body of water, such as a lake, tend to affect the surrounding temperature 
when it freezes? 


How does it affect the temperature of surroundings when the ice melts? 
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^EXPERIMENT THIRTY-FOUR 

Heat of Vaporization 

How would you find the heat of vaporization? 

References: Heat, by J. A. Randall, pages 101-138, 246-267 

Meteorology, by John G, Albright, page 92 

Practical Heat, by Terrell Croft and R. B. Purdy, pages 255— 

268, 605-647 

Introduction. If you were to heat a vessel of water over a flame and were to check the tempera- 
ture of the water, you would And that the temperature would steadily increase imtil the boiling 
point at standard conditions, or 100° Centigrade, is reached, and then the temperature would 
remain constant. Even though the heating continued, you would find that the thermometer 
indicated no fmther rise in temperature. The reason for this constant temperature is the fact 
that water and other liquids absorb certain quantities of heat in changing into vapor. Con- 
versely, steam and other vapors give off certain quantities of heat in changing into liquids. 
The heat that a liquid absorbs in changing to a vapor without a change in temperature is 
known as the heat of vaporization, and the heat that a vapor gives off without a change in 
temperature in changing to a liquid is known as heat of condensation. The heat of vaporiza- 
tion is always the same numerically as the heat of condensation. For a gram of water, for 
instance, the heat of vaporization is 540 calories, and for a gram of steam the heat of condensa- 
tion IS 540 calories. The giving off of heat by steam in changing into water, or the heat of con- 
densation of steam, helps to explain the principle of steam heating. In this experiment you 
will find the heat of condensation ; it is more convenient to find than the heat of vaporization. 

APPARATUS 

Double-walled calorimeter, steam generator, Bunsen burner. Centigrade thermometer trip 
balance, weights, water trap, and rubber tubing. 

PROCEDURE 

Weigh in grams the inner vessel of the calorimeter. 

What is the weight? grams. Fill the 

vessel about three-fourths full of water and find the 
combined weight in grams of the calorimeter and 

water. What is the weight? grams. 

From this weight subtract the weight of the vessel 
alone, to find the weight of the water. What is the 

weight of the water? grams. With 

a Centigrade thermometer take the temperature of 
the water to an accuracy of 0.1 degree. What is the 

temperature? Fill the steam boiler 

about half full of water, and by means of glass tub- 
ing and rubber tubing connect the boiler with the 
calorimeter, as shown in the accompanying drawing. 

Place a Bunsen burner under the boiler, generate 

Dynamic Physics References: pages 330-336 
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steam, and allow it to condense in the calorimeter until the temperature of the water in the 
calorimeter has increased about 30® Centigrade. Remove the rubber tubing from the calori- 
meter and take the temperature of the water in the calorimeter to an accuracy of 0-1 degree. 

What is the temperature? If you subtract this temperature from boiling 

temperature of the steam, why will you obtain the drop in temperature of the water condensed 

from the steam? 


What is the drop in temperature of the water condensed from the steam? If 

you subtract the temperature of the original water in the calorimeter from the final tempera- 
ture of the water, why will you obtain the rise in temperature of the original water? 


Why will you also obtain the rise in temperature of the inner vessel of the calorimeter? . , . , 


What is the rise in temperature of the original water? 

Find the combined final weight in grams of the water and inner vessel of the calorimeter. 

What is the combined weight? grams. From this weight subtract the weight 

of the calorimeter to obtain the final weight of the water. What is the final weight of the 

water? grams. If you subtract from this weight the weight of the original water, 

why will you obtain the weight of the water found from the steam, or the equivalent of the 

weight of the steam? 


What is the weight of the steam? grams. 

To find the heat of condensation of steam, apply the principle that the quantity of heat 
given up by the steam in changing into water equals the quantity of heat taken in by the water 
and the inner vessel of the calorimeter. If H represents the heat of condensation of steam, the 
quantity of heat given up by the steam is equal to the weight of the steam times H» The quantity 
of heat given up by the water formed from the condensed steam equals the weight of the steam 
times the change of temperature of the condensed steam times 1.0. The specific heat of water, 
as already indicated, is 1.0, and the specific heat of the inner vessel of the calorimeter, as previ- 
ously determined, is 0.095. The quantity of heat taken in by the water is equal to the weight 
of the original water times the rise in temperature of the water times 1,0. The quantity of heat 
taken in by the inner vessel of the calorimeter is equal to the weight of the vessel times the rise 
in temperature of the vessel times 0.095. In other words, weight of the steam X i? + weight 
of condensed steam X the loss in temperature of condensed steam X 1 0= weight of original 
water X its nse in temperature X 1.0 + weight of inner vessel of calorimeter X increase in its 
temperature X 0.095. Substitute found values for the different items in this equation and 

126 



e heat of condensation of steam. On the basis of this calculation, the heat of 
condensation of steam is calories 

posite FMord your findings for all the trials in the com- 

Li rilrd heat of condeo- 


COMPOSITE RECORD 



Trial.. . 


Maas (or weight) of calorimeter (g.) 
Mass (or weight) of original water {g,) 


Mass (or weight) of steam ((?.) 


Original temperature of water and calorimp hpr 
Final temperature of water and calorimeter 


Gain in temperature of water and calorimeter 

Temperature of steam (boiling point) 

Temperature of water formed from steam 
Loss in temperature of condensed steam 


Heat of condensation of steam (calories per gram) 


Accepted value of heat of condensation of steam 


Percentage of error 


540 


540 


640 


CONCLUSIONS 

1. What do you understand by heat of vaporization? 






« » 




• « 


2. What is the difference between heat of vaporization and heat of condensation? 


How do the numerical values of heat of vaporization and heat of condensation 


compare? 
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3. What aquation do you use in calculating the heat of vaporization or heat of condensation? 

4 . In pfenning this experiment, why did you consider the increase in the temperature of the 

calorimetCT? 


5. Why did you expect the quantity of heat given up by the steam to equal approximately the 
heat absorbed by the original water and the calorimeter? 


PRACTICAL APPLICATIONS 

1. How is the principle of heat of vaporization applied in steam heating? 


2. Why does a steam-heating plant heat a room more quickly than a hot-water plant? 


3. WTiy does steam cause a more severe burn than hot water? 


4. How does steam deliver energy to a steam engine? 


5. Which is the better for cooking purposes, water turning into steam or steam turning into 
water? 
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^IXPERIMENT THIRTY-FIVE 


Relative Humidity 

How would you dmformino tho rmlativo humidHy of the Otmoephere? 

References; Meteorology, by John G. Albright, pages 124-161 

Meteorology for Pilots. C.A.A. No. 25, pages 45-50, 104-110 

Practical Heat, by Terrell Croft and R. B. Purdy, pages 
545-604 

Introduction. The air alway.s contains moisture or water vapor. Under certain conditions the 

moisture conde^^ into small droplets and forms clouds, or if near the earth it forms fog, 

dew or frost. If the condensation is greater, the moisture forms larger drops which fall to the 

^th as ram, or if the temperature is below freezing, it forms snowflakes, sleet, or hail. When 

the air contem.s all the moisture that it will hold before condensation begins, it is said to be 

^turated. The lower the temperature of air, the less moisture it will hold, and the higher the 

temperature, the more moisture it will hold. The temperature at which the moisture in the air 
begins to condease is called the dew point. 

The moisture content of the air or the actual weight of the moisture content of a unit 
volume of air is called the absolute humidity of the air. In the metric system the absolute 
humidity of air is usually expressed in grams per cubic meter. The ratio of the moisture con- 
tent of air or absolute humidity at a certain temperature to the moisture content that the air 
would hold when .saturated, at the same temperature, is called the relative humidity of air. 

1 o aid in finding the relative humidity of air, .scientists have determined the moisture content 
of air when saturated at various temperatures. A table of the quantities in grams per cubic 
rneter of the moisture content of air when saturated at different temperatures is provided in 
the Appendix of this book. You may calculate the relative humidity of air at any particular 
time and place by finding the absolute humidity and dividing by the absolute humidity at the 
saturation point for the .same temperature. The relative humidity may be found directly by 
use of an instrument known as a hygrometer, of which there are several kinds. 


APPARATUS 


Polished container, .such as the inner ve.s;sel of a double-walled 
grade thermometer, water, and cracked ice. 


calorimeter; hygrometer, Centi 


PROCEDURE 

With a Centigrade thermometer take the temperature of the air in the 
room to an accuracy of 0.1 degree. What is the room temperature? 

I’ill poli-^hed container about three-fourths full of 

water. Put ice in the water and stir until moisture collects on the out- 
side of the container. What cau.-.es tlie moCture to collect? 


' » 


U.sing the .^arne tiierrnorneier, take the tenq^erature of the water in the 
container to an accuracy of 0.1 degree. The temperature at which 
moisture begins to condense is known a.s the dew point. What is the 

U'jncn'.tc I'r'.y .x.} Iteferfcrc.e.-, ; 
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temperatiire at the dew point? Turn 

to the table in the Appendix and find the absolute 

humidity, or the moisture content in grams per cubic 
meter of air at the room temperature and also at the 
dew-point temperature. What is tiie moisture con- 
tent at the room temperature? What 

is the moisture content at the dew-point tempera- 
ture? Why is the second content greater 

than the first? 


To find the relative humidity, divide the second moisture content by the first and indicate 


the quotient in per cent. What is the relative humidity? Check your find- 
ings by means of a hygrometer. What is the hygrometer reading? How does 

a hygrometer work? 


Using the hygrometer reading as the accepted value of the relative humidity, calculate 
your percentage of error. 

Enter your findings in the appropriate spaces of the composite record. Then repeat the 
experiment twice more and enter your findings in the same manner as before. 


COMPOSITE RECORD 


Trials 

1 

2 

3 


Room temperature 




Temperature at dew point 

1 

1 



Moisture that air holds when saturated at room temperature \ 




\ 

1 

Moisture that air holds when saturated at dew-point temperature 1 

1 


( 

( 

Relative humidity of air i 

1 

1 

1 



Reading of hygrometer 

1 



> 

* 

1 

» 

Percentage of error j 
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CONCLUSIONS 


1. What is absolute humidity? 


2. How is absolute humidity usually indicated in the metric system? 


3. What is relative humidity? 


4. How is relative humidity indicated? 


5. What is dew point? 


6. How is dew point usually indicated? 


7. How can you account for the moisture that collected on the outside of the vessel as you 
performed this experiment? 


PRACTICAL APPLICATIONS 

1. How does relative humidity help to explain why the rainfall is usually greater on the wind- 
ward side of a mountain than on the leeward side? 
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5. Why do fogs frequently disappear in the morning after the sun begins to shine? 


6. Why is a farmer concerned with the relative humidity of air? 


7. What examples can you mention to show that relative humidity affects certain industries? 
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EXPERIMENT THIRTY -SIX 

Meteorologicol Observations and Predictions 

How can you use mefeorological observations to predict weather? 

References: Meteorology, by John G. Albright, pages 258-296 

Meteorology for Pilots, C.A.A. No. 25, pages 3-111 

Pilot's Meteorology, A, by Charles Graham Halpine, pages 
4-148 

Introduction. Man has long attempted to predict weather. For centuries, even until the middle 
of the last century, he reearded changes in weather as a mystery. To predict what kind of 
weather would exist the next day or two, he resorted to guesswork or unscientific signs or con- 
sulted unscientific predictions in calendars that set up the weather for a complete year in 
advance. Following such a calendar was disappointing, however, for he found that the pre- 
dictions were almost as certain to be wrong as they were to be right. Thus the groping con- 
tinued, until science began to fathom the mystery of weather. Finally the United States 
Weather Bureau was established, and since that time people have been provided with scientific 
information concerning the weather. Today the study of weather conditions has reached a 
particularly high pitch because of the ways in which weather affects human activities. Weather 
conditions are especially important in the field of aviation because they determine the ease 
or difficulty with which flying may be done. Every pilot must be acquainted with weather 
conditions, understand how they affect the handling of an airplane, and consequently know 
what he should do about them if they are likely to cause trouble. 

The branch of physics which deals with the atmosphere and its behavior is known as 
meteorology. Among the factors that a meteorologist must consider in predicting weather are 
color of sky, kind of clouds, barometric pressure, relative humidity, temperature, air fronts, 
and direction of wind. Observation of these factors in different combinations enables a person 
to predict what kind of weather may be expected. The following lists show what variations 
of the first four of these factors indicate. 

Color of Sky 

Gray sunrise — good weather 
Red sunrise — rain or snow, wind 
Sunrise over clouds — wind 
Red sunset — good weather 
Bright yellow overhead — wind 
Pale yellow overhead — rain or snow 

Kind of Clouds 
High clouds: 

Cirrus clouds — good weather 
Cirro-cumulus clouds — good weather 
Cirro-stratus clouds — rain or snow 

Medium high clouds: 

Alto-cumulus clouds — lightning, wind 
Alto-stratus clouds — rain or snow 

Low clouds: 

Strato-cumulus clouds — wind 
Nimbo-stratus clouds — rain or snow 
Stratus clouds — light rain or snowfall 

Dynamic Physics References: pages 355-361 
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Vertical clouds: 

Cumulus clouds — wind 

Cumulo-nimbus clouds — lightning, wind, and rain, hail, or snow 
Dew or Frost: 

Dew or frost in the morning — good weather 
No dew or frost in the morning — rain or snow 

Barometric Pressure 

Steady barometer — good weather if relative humidity is low 

Rising barometer — good weather if rise is steady, but stormy weather if rise is rapid 
Falling barometer — stormy weather, including wind if fall is rapid 

Relative Humidity 

High relative humidity — stormy weather 
Low relative humidity — good weather 

APPARATUS 

Centigrade thermometer, mercurial barometer, and weather vane- 

PROCEDURE 

Observe meteorological conditions, such as color of sky if sky is clear; kind of clouds if sky 
is cloudy; barometric pressure; relative humidity; temperature and direction of wind for a 
period of three days. Enter your findings for each day in the appropriate spaces of the com- 
posite record, and predict, on the basis of your observations, the weather for the followine 
day. Observe the actual weather on the following day, describe the weather in the appropriate 
space of the composite record, and notice how closely it corresponds to your prediction. 


COMPOSITE RECORD 

First day observations and predictions: 


Color of sky 

barometric pressure . 
temperature 


kind of clouds. . . 
relative humidity 
direction of wind. 


Prediction of weather for the following day on the basis of these observations 




Actual weather on the following day 


Second day observations and predictions: 
Color of sky 

barometric pressure 

temperatui’e 


kind of clouds. . . 
relative humidity 
direction of wind. 


% 
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Prediction of weather for the following day on the basis of these observations 


Actual weather on the following day 


Third day observations and predictions: 

Color of sky clouds . . . 

barometric pressure relative humidity 

temperature direction of wind. 

Prediction of weather for the following day 


Actual weather on the following day 


CONCLUSIONS 

1. What do you understand by meteorology? 


2. Mention a color of sky, kind of cloud, barometric pressure, and relative humidity that would 
lead you to predict good weather 


3. Mention a color of sky, kind of cloud, barometric pressure, and relative humidity that 
would lead you to predict stormy weather 
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4. Under what conditions would you say that a risuig tempcarature indicate stom^ 


5* Under what conditions would you say that a westCTly wind indicates stormy weather? 


PRACTICAL APPLICATIONS 

1. Why is the farmer concerned with meteorology? 


2. How is the pilot of an airplane concerned with meteorology? 


3. On the basis of your observations on the first day of the experiment, how would you describe 
the conditions for flying? 


4. What general conditions of weather would you say make good conditions for flying? 


5. What general conditions of weather would you say make bad conditions for flying? 


136 



Class Period , 


Date 


Name 


I 


EXPERIMENT THIRTY-SEVEN 

Weather Maps and Long-Range Predictions 

Through the help of United States weather maps how can you predict weather? 

References: Meteorology, by John G. Albright, pages 258-296 

Meteorology for Pilots, C.A.A. No. 25, pages 111-143 

Pilot's Meteorology, A, by Charles Graham Halpine, pages 
149-202 

Introduction. The United States Weather Bureau maintains about eight himdred stations 
throughout the country and outlying possessions for the purpose of observing meteorological 
conditions. Reports from these stations are sent by radio, telephone, and telegraph to regional 
centers. At these regional centers trained meteorologists analyze the reports and predict 
weather conditions for their respective parts of the country. Reports are also sent by radio, 
telephone, and telegraph to the home office at Washington, D.C., where trained meteorologists 
plot the data on maps. These maps, which are distributed through the post offices of the 
country by the Department of Commerce, show weather conditions in all parts of the country 
Among other things, they show the location of great atmospheric whirls known as cyclones 
and anticyclones, each of which covers a large section of the country. 

A cyclone is an atmospheric whirl covering thousands of square miles, in which the winds 
blow counterclockwise toward the center of the whirl, as shown in the drawing at the left 
below. The barometric pressure within the whirl is usually low and hence the cyclone is fre- 
quently called a ‘Tow.” The winds coming together at the center of the whirl, cause the air 




to rise and become cooler. The cooling of the air causes condensation of moisture, which falls 
as rain or snow. For these reasons, a low is usually a region of storm — rain or snow — frequently 
accompanied by wind. 

An anticyclone is an atmospheric whirl, covering thousands of square miles, in which the 
wind blows clockwise away from the center of the whirl, as shown in the drawing at the right 
above. The barometric pressure within the whirl is usually high and hence the anticyclone 
is frequently called a “high.” The air, in this case, descends in the center of the whirl and 
becomes warmer. The warmth of the air lessens the relative humidity and clear weather 
prevails, which may or may not be accompanied by wind. 

Usually there are several cyclones and anticyclones in the country at once, all moving in 
a general easterly direction. By looking at a weather map a person can locate these whirls 
and observe which ones will probably come to his part of the country. Thus he can deter- 

Dynamic Physics References; pages 362-368 
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y what kinds of weather will prevail in his part of the country 
accurate prediction, however, he should observe weathff map, 
' studying maps on successive days, he can see how fast the 
1 thus calculate about when they will reach his commimity 
he whirls are maintaining the same direction or whether they 
he south. Frequently dbturbances arise which cause the whirb 
or accurate predictions their courses must be carefully watched 


APPARATUS 

Weather maps of the United States showing locations of highs and lows, ruler, and pen or 
pencil. 

PROCEDURE 

Location and movement of highs and lows. From your post office obtain weather maps for 
three consecutive days. Examine the first weather map in the series and observe the location 
of the highs and lows. On the outline map on the following page write a letter H to indicate 
the center of each high and a letter L to indicate the center of each low. In which states do 

you locate the centers of highs? 


In which states do you locate the centers of lows? 


In which state is the center of the high nearest your home? 

In which state is the center of the nearest low? 

Examine the second weather map in the series and observe the location of the highs and 
lows on the second day. On the outline map on the following page write a letter H to indicate 
the center of each high and a letter L to indicate the center of each low. Draw a straight line 
from the center of each whirl on the first day to the center of the same whirl on the second 
day. The direction of the line indicates the course which the whirl has followed and the length 
of the line, according to the scale of the map, the distance which it has traveled. How many 

whirls have traveled almost due east? How many have traveled northeast? 


. How many have traveled southeast? 


About how many miles 


have the whirls traveled on an average? miles. 

Examine the third weather map in the series and observe the location of the highs and 
lows on the third day. Again on the outline map on the following page write a letter H to 
indicate the center of each high and a letter L to indicate the location of each low. Draw a 
straight line from ^e center of each whirl on the second day to the center of the same whirl 
on the third day. How many whirls have traveled in approximately the same direction as on 


the second day? 


How many whirls have changed their direction of travel? 


. How does the average rate of travel 


compare with the rate on the second day? 


• » 




• « • 
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Look at the lines which you have drawn on the outline map and predict from the direction 
of these lines which whirls will pass ovct your part of the country. From the length of these 
lines predict about how many days or hours will elapse before you will begin to feel the effects 
of the whirls. According to these data, on which of the next four or five days do you predict 

that your community will have clear weather? 

• • • » 

% 

On which of the next four or five days do you predict that your community will have storniy 
weather? 


Other data on weather maps. As you have observed, there are many other sjTnbols on weather 

maps brides those that indicate the location of highs and lows. These symbols are explained 
in a section entitled “ Explanation of Map ” at the bottom of each map. Read this explanation 
which is the same on all maps, and leam the meaning of the following types of symbols: ’ 

Lz'regs on the map. E ach map contains several kinds of lines, including isobars, iso- 
therms, and air-front lines. The isobars are lines that pass through places having the same 
barometric pressure. For the most part, the isobars are the curved lines surrounding the highs 
^d lows. The isotherms are lines passing through places having the same temperature. The 
motherms on U.S. weather maps are limited to freezing-temperature lines and hence all such 
isother^ are marked “Freezing.” The air-front lines are heavy lines with different types of 
projections, which indicate the nature of air masses. 

Shaded areas on the maps. The large shaded areas on the maps indicate areas of pre- 
cipitation — ^rainfall or snow. 

Symbols i n groups. The smaller symbols on the map are arranged in groups, the place- 
ment of each group indicating the location of the weather station where the observations were 
made. The symbol explaining a certain characteristic, such as degree of cloudiness, always 
occupies the same position with reference to the other symbols in the group. In other words 
the symbols are arranged according to a fixed pattern within the group. 

« first weather map in the series which you have used in this experiment, and 

find the isobar nearest your home. What pressure in millibars does this isobar indicate? 

millibars. Find the nearest isotherm, in this case the nearest line marked “Freez- 
ing.” Where is the nearest freezing temperature with respect to your home? 


Find the nearest air-front line. Judging from projections on the line, how would you describe 
the air mass nearest your home? 


Where is the nearest area of precipitation with respect to yonr home? 
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Find the group of symbols indicating the location of the weather station nearest your home. 
According to these symbols, what are the weather conditions in your part of the country? 


CONCLUSIONS 

1. What are the general characteristics of a cyclone or low? 


2. What are the general characteristics of an anticyclone or high? 


3. How do weather maps enable a person to predict weather on the basis of highs and lows? 


4. How do weather maps show the location and nature of air fronts? 


5. Why are the smaller symbols on weather maps assembled in groups? 


PRACTICAL APPLICATIONS 

1. Why are weather maps helpful to a person planning a vacation? 
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2. Why are weather inap>s helpful to a farmer duriiig the harvest season? 


• « 


3. What items of information on weather maps are most helpful to airplane pilots? 


• • 




4. According to the first weather map that you examined, what weather conditions would a 
pUot probably encounter in flying from New York to San Francisco? 


5. How are the telegraph, telephone, and radio used in the collection of data on weather? 


How are these devices used in the dissemination of information on weather? 


6. How do newspapers assist in the dissemination of information on weather? 
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Class Period 


Date 


Nabie 


experiment thirty-eight 

Mechanical Equivalent of Heat 

How would you determine the mechcmical equivalent of heat? 

References: Aircraft Engines, War Department TM 1-405, pages 1-77 

Meteorology, by John G. Albright, page 93 

Practical Heat, by Terrell Croft and R. B. Purdy, pages 513- 
544 

Science for the Citizen, by Lancelot Hogben, pages 586-596 

Introduction. From your experience you realize that there is a close relationship between heat 
and work. For instance, if you hammer a nail into a board, the head of the nail becomes warm. 
If you rub two dry sticks together briskly, they may become warm enough to cause them 
to Ignite. The numerical relation between heat and work was first determined by Joule, who 
experimented with water in a churn. In performing this experiment, he paddled the water 
for a time, then rneasured the rise in temperature of the water and the amount of work he 
put into the paddling. Thus he found that the equivalent of heat is 427 gram-meters per calorie. 
A gram-meter of work is the work required to raise one gram to a height of one meter. A 
calorie, as already indicated, is the amount of heat taken in or given up by a gram of water 
when its temperature is changed one degree Centigrade. The mechanical equivalent is impor- 
tant because it helps to show that heat, like work, is a form of energy. Also it helps to illustrate 
the principle of the conservation of energy, for it shows that when work is done heat is pro- 
duced, and the heat in turn may be used in doing work. 

APPARATUS 

Mechanical equivalent of heat tube, or cardboard tube one meter long, closed at one 

end; cork stopper to fit the other end; one-hole rubber stopper; meter stick; Centigrade 
thermometer; trip balance; and weights. 


PROCEDURE 

Weigh an exact kilogram or 1000 grams of shot and take the temperature of the shot 

to an accuracy of 0.1° Centigrade. What is the temperature? Place 

the shot in a long cardboard tube and close the open end of the tube securely with a 
cork stopper. Hold the tube near the center and turn it end for end 100 times, allowing 
the shot to fall freely. Remove the cork stopper and replace quickly with a one-hole 
rubber stopper, holding the same thermometer that you used before. Allow the shot to 
roll gently around the bulb of the thermometer inside the tube. What is the new tem- 
perature of the shot? With the tube upright measure in meters the dis- 

tance from the top of the shot to the lower end of the stopper. What is the distance? 

meters. Multiply this distance by 100 to find how many meters the shot 

fell in the 100 turns. What is the distance? meters. This distance times 

1000, the number of grams of shot, represents the number of gram-meters of work done 

in the experiment. How much work was done? gram-meters. 

Dynamic Physics References: pages 369-371 
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find 


Subtract the ori^nal temperature of the shot from the final temperature of the A®* * 
out how much it increased in temperature. What was the increase in 


How can you account for the increase in temperature? 




Translate the increase in temperature into calories by finding the product of the '• ' 

temperature, the weight of the shot in grams, and the specific heat of lead. The 2 
the shot, as determined at the beginning of the experiment, is 1000 grams, and the^^ 

heat of lead is 0.03. Accordingly, how many calories of heat were produced? 

calories. In finding the number of calories, why do you need to multiply by 0.03, the iqiedfic 

heat of lead? 


• e 


tfc. mechanical equivalent of heat, or the amount of work done 'per'(iorie dirid. 

the number of gram-meters of work done in the experiment by tbe number of c^ria of tol 

developed. What is the mechanical equivalent of heat? 

record‘^r^™r/^k““® k* findinks for ail' triais in the composite 

accepted value and determine your percentage of erri. experiment with the 


Trial.. . 


Weight of shot (ff.) 


Initial temperature of shot 


Final temperature of shot 


Increase in temperature of shot 


Calories of heat formed 


Distance shot fell per turn (m) 


Total distance shot fell (»y.) 


Total work done ((7J‘«m-wu'/cr,s‘) 


COMPOSITE RECORD 


1 




Mechani cal et|uKa1ent. of heat by exporinu n: 


Accef)ted value 


rorcentago of error 


CONCLUSIONS 


1. What do you understand by mechanical equivalent of heat? 


2. What is meant by a gram-meter of work? 


3. What is meant by a calorie? 


4. How does the mechanical equivalent of heat help to prove the principle of the conserva- 
tion of energy? 


PRACTICAL APPLICATIONS 

1. Why is the mechanical equivalent of heat an important factor in the operation of a steam 
engine? 


2. How does the mechanical equivalent of heat play a part in the operation of a mechanical 
refrigerator? 
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3. Why is a machinist concerned with the problem of heat in using a ma chine in a machme 


shop? 


* • I 


4. How does the use of oil on a bearing affect the generation of heat in the bearing? 




• • • 




5. How does the mechanical generation of heat help to explain a “ hot box ” on a freight ear? 




6. Explain a situation in which the mechanical generation of heat is helpful. 




. . Explain a situation in which the mechanical generation of heat is detrimental. 




» « • 




• • • 


‘ • 
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Date 


Name 


EXPERIMENT THIRTY-NINE 

Length and Velocity of Sound Waves in Air 

( J) How long arm sound waves mmitfed by a tuning fork of known frequency? 

(2) How fast do these sound waves travel? 

References: Science for the Citizen, by Lancelot Hogben, pages 307-316 

World of Sound, by William H. Bragg, pages 1-36 

Introduction. A sound wave is a back-and-forth movement of molecules of air or a condensa- 
tion and rarefaction of molecules along a longitudinal path. Once a sound wave has been 
formed by a vibrating body, such as a tuning fork, this wave transmits its effects to neighbor- 
ing molecules in the longitudinal path. Thus the one wave sets up a series of waves, or con- 
densations and rarefactions, in a longitudinal direction. The length, velocity, and frequency 
of sound waves depend upon the atmospheric disturbance created by the vibrating body. 
N umerically the length of a sound wave is equal to the velocity, or distance the wave and its 
successors extend in a second, divided by the frequency or number of waves produced in a 
second. The velocity of a sound wave is equal to the length of a wave multiplied by the 
frequency. 

One of the best means of measuring the length of a sound wave is by means of resonance, 
or the amplification of the disturbance by sympathetic vibration. Suppose, for instance, that 
the vibrating prong of a tuning fork is held at the mouth of a long tube. If the wave caused 
by the prong travels to the end of the tube and back again just as the prong starts a new wave, 
the two waves combine and produce a stronger tone. This occurrence shows that the sound 
wave travels to the end of the tube and back again in half a vibration of the prong. In other 
words, the length of the wave is equal to four times the length of the tube. This length multi- 
plied by the frequency of the prong indicates the distance that the sound wave travels in a 
second. A correction must be made in this calculation, however, since the effect of the tube 
continues slightly beyond the end of the tube, causing an error in the measured resonance 
length. In this experiment you will eliminate the error by finding the first and second reso- 
nant lengths and taking the difference. 


APPARATUS 

Resonating tube 110 centimeters long; resonating tube 30 centimeters long; tuning forks of 
512, 384, and 256 frequencies; glass jar; meter stick; thermometer; rubber tubing; one-hole 
rubber stopper, and water. 


PROCEDURE 

Length of sound waves (closed tube). Set up the apparatus, as shown in the drawing on the 
following page, by placing a one-hole rubber stopper in one end of the 110-centimeter resonance 
tube and inserting a piece of glass tubing in the stopper. Fasten a piece of rubber tubing to 
the piece of glass tubing and extend the rubber to a U-shaped piece of glass tubing which hangs 
over the edge of a glass jar. Fill the glass jar partially full of water so that you may adjust the 
length of the air column in the resonance tube by raising and lowering the jar. 

Strike one prong of a tuning fork of 512 frequency against a large rubber stopper and hold 
the vibrating fork over the open end of the tube. By raising or lowering the glass jar, adjust 
the level of the water in the resonance tube until you obtain the best resonance. Measure in 
centimeters the length of the tube from the top to the level of the water. What is the resonance 

Dynamic Physics References: pages 400-409, 422-428 
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tuning fork 



resonance 
tube 


length centimeters. Adjust the glass jar to 

lower the level of the water in the resonance tube. Strike 
one prong of the same tuning fork and hold it over the open 
end of the tube. By adjusting the column of water, find the 
next resonance level below the fiorst resonance level. Measure 
in centimeters the length of the tube from the top to the 
level of the water. What is the second resonance length? 

centimeters. The difference between the first 

resonance length and the second resonance length is equal to 
half a wave length. What is the difference, or half a wave 

length? centimeters. What is the full wave 

length? centimeters. Why is the difference 

between the first resonance length and the second resonance 

length one-half wave length? 


Why does finding two resonance lengths and taking their 
difference correct the error caused by the fact that the effect 
of the tube continues slightly beyond the end of the tube? 


tuning-fork 

hammer 


Enter your findings in the appropriate spaces of the fol- 
lowing table. Repeat the experiment twice, first using a 
ti^ng fork with 384 frequency and second, a tuning fork 

with 256 frequency. Enter your findings in the table as 
before. 


Fork 

Freqltency 

First Resonance 
Length ( cm .) 

Second Resonance 
Length ( cm .) 

C ' 

1 

1 

512 



G 

1 

i 

384 



C 

256 




Difference in 
Lengths ( cm .) 


Wave 

Length ( cm .) 


J^ntnce ^ “““"O t”' ^ SO-eentimeter 

resonance tube and hold the sheet in place with rubber bands. Suspend the tube in an unrieht 
position so that the lower end of the tube is open. Strike one of the prongs of a tuning fork of 

SL Adiu Jt^e he^L^ofTh experiment and hold it over the upper end of the 
ure .n centimeter, the di.tance from the top of the pape’^ to the w^Tis 

the resonance length? 


. . centimeters. 
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Hold the vibrating tuning fork over the upper end of the tube and slide the paper up 
until you locate the next best resonance level above the first resonance level. Measure in cen- 
timeters the distance from the top of the paper to the bottom of the tube. What is the second 

resonance length? centimeters. The difference between the first resonance length 

and the second resonance length is half a wave length. What is the difference? 


centimeters. What is the wave length? centimeters. 

Enter your findings in the appropriate spaces of the following table. Repeat the experi- 
ment twice, first using a tuning fork with 384 frequency and second, a tuning fork with 256 
frequency. Enter your findings in the table as before. 


Fork 

Frequency 

1 First Resonance 
Length (cm.) 

Second Resonance 
Length (cm.) 

1 

Difference in 

Lengths (cm.) j 

1 

Wave 

Length (cm.) 

C' 

1 

512 





G 

384 





1 

C 

256 

1 

1 





Velocity of sound waves. The velocity of sound waves is equal to the wave length multiplied 
by the frequency. What was the length of the wave produced by the tuning fork of 512 fre- 


quency? 


centimeters. On the basis of this length and the frequency calculate 


the velocity in centimeters per second. What is the velocity? centimeters per 

second. 

The velocity which you have secured is the velocity for room temperature and would not 
hold true for higher or lower temperatures. Scientists have found that the velocity of sound 
varies with temperature and have worked out accepted values for temperature variations. At 
0“ Centigrade the accepted velocity of sound in air is 331.2 meters, or 33,120 centimeters, 
per second. For every degree above 0° the velocity in air increases 60 centimeters. To check 
the accuracy of the velocity which you found by experiment, find the temperature of the room 

on the Centigrade scale. What is the temperature? Multiply this temperatm*e 

by 60, the increase in velocity per degree, and to the product add 33,120, the velocity of sound 
at 0° Centigrade, to obtain the accepted velocity at the present room temperature. What is 

the accepted velocity? centimeters per second. 

Subtract your experimental velocity from the accepted velocity and calculate your per- 
centage of error. What is your percentage of error? 


CONCLUSIONS 

1. Why is the resonant length of a closed tube one-fourth of the wave length created by the 


tuning fork? 
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2. Why is the first resonant length of an open tube one-half of a wave length? 





3. Why is a condensation in an open tube reflected as a rarefaction? 

• • • • 


9 % ^ ^ 

4. At room temperature how would you determine the velocity of sound waves? 

^ # 


PRACTICAL APPLICATIONS 

1. How are the principles of resonance applied in pipe-organ pipes? 


• • 




2. Why are the words of a speaker more audible in a room than in open air? 




3. How does the sonic altimeter of an airplane make use of the velocity of sound waves? 


• • « 


4. How i. the velocity of sound used by ships in determining the proximity of submarines? 




* 





Why does a musical instrument sometimes emit sounds when another 

played? 


near-by instrument is 




• • 




* * * * • •• 
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Class Period Date Name 

experiment forty 

Velocity of Sound Waves in Solids 

How does the velocity of sound waves in solids compare with the velocity 

of sound waves in air? 

References: Science for the Citizen, by Lancelot Hogben, pages 307-316 

World of Sound, by William H. Bragg, pages 1-36 

Introduction. Offhand you may think that sound depends upon air as a medium, but upon 
second thought you realize that sound also travels in liquids and solids. For instance, if some- 
one hits two stones together under water you can hear the sound by holding your ear under 
water some little distance away. If someone hits a metal radiator with a hammer in one part 
of a building you can hear the sound in another part, even in a different room. In order to com- 
pare the velocity of sound in a solid with the velocity of sound in air, you need to depend upon 
the interference of sound waves. When two sound waves of the same length come together in 
step or in the same phase, they reinforce each other. On the other hand, when they come to- 
gether out of step or in a different phase, they tend to destroy each other or to kill the sound. 
You experience the effects of interference in an auditorium of poor acoustical properties. 
Echoes, reverberations, and intervals of silence occur because the reflected sound waves inter- 
fere with the oncoming waves. In this experiment you will cause a cylindrical solid to set up 
vibrations in a closed tube. By measuring the solid, you will determine the wave length of the 
solid. By studying evidences of interference within the air column in the tube, you will deter- 
mine the wave length and speed of sound in air. Then substituting these quantities in a propor- 
tion showing that the velocity of the sound in the solid is to the velocity in air as the wave 
length in the solid is to the wave length in air, you will find the velocity of sound in the solid. 

APPARATUS 

Resonance tube 110 centimeters long, rubber stopper for the tube, thin cork piston for the 
tube, brass rod, iron rod, and glass rod, each a meter long; meter stick; cork dust or fine sand; 
piece of dry cloth; and powdered resin. 

PROCEDURE 

Set up the apparatus as shown in the accompanying drawing by placing the resonance tube 
on supports in a horizontal position on the table. Inside the tube from one end to the center 
scatter a small quantity of cork dust or other light powder. Place a rubber stopper in the end 



of the tube next to the powder. In the other part of the tube insert a brass rod to which has 
been attached a cork piston that fits loosely in the tube. Fasten the rod securely at the center 
so that it extends in the same horizontal plane as the resonance tube. Sprinkle powdered resin 

Dynamic Physics References: pages 400-409, 422-428 
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on a dry doth and stroke the projecting half of the brass rod, causing it to emit a shrill tone 
The br^s rod, being securely fastened at the center, vibrates most at both ends. Hence v * 
may think of the center as a node, or point of little or no motion, and the ends of the rod ^ 
antinodes, or points of greatest motion. The distance between two nodes or two antinodei ' 
always one-half a wave length. Measure in centimeters the lencrth of the rod and . ** 


What 


centimeters. What is the wave length in brass? centimeters. 

Stroke the brass rod again with the cloth and notice that the cork dust in the tube shntDu 
si^s <M agitation and arranges itself in peaks and hollows. If you fail to get this result at first 
shift the position of the tube slightly with reference to the brass rod. The preceding drawing 
explains what happens with reference to the sound waves in the tube. Let A renresenf t»,“ 
inside of the piston cork attached to the brass rod and I the inside of the rubber stonr^ 
A succession of waves leaves A and passes along the tube. When the first wave reaches 7 

f reaches E, the fourth wave reaches C, and so on 
/, G, E, and C repr^ent the fronts of waves passing from A to 7. The first wave when it 
reaches 7, turns back because it is reflected by the rubber stopper. While this wave travels 
ba^ to h on its reflected journey, the second wave moves up to h from its original position 

third wave at /, the fourth at d, and so on. The waves moving in opposite di^;ctiol^n Z 

one another, but when a condensation meets a condensation or a rarefactbn 

dust. On the other hand, when a condensation meets a rarefaction or vice versa the moWiiloc 

The distance between two successive nodes is equal to one-half the wave leneth Thereto™ 
meastue in centimeters the distance between three successive nodes "rthe X and 

by three to find the average length of a haif a wave in air? centimeters. On this 

basis what is the length of a full wave in air? centimeters. How does this wave 

length compare with the wave length in brass? ; 


• • 


♦ • • • 




What is the room temperature? Whnt fi.o r 

^ ^ elocity of sound at room temper- 

centimeters per second. 

You have now found the wave lenerth of c:nnnr^ in Vw. *i 

srn?i;rro^l^^is1oXtett otrjfn 1^" f ^ 

length in air. This proportion expressed in the form of ^'emS 1" .l"to£,: 

Velocity of sound in solid len^^th in solid 

wave length in air ” 


On the basis of your known quantities and thi; 


bi'ass? centimeters 


i-s equation, what is the velocitv of sound in 


per second. 
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Enter your findings in the composite record. Repeat the experiment, once using an iron 

rod in place of the brass rod, and once using a glass rod in place of the brass rod. In the latter 

case stroke the glass rod with a wet rag rather than a dry rag. Enter your findings for each 
rod in the composite record. 

If possible, find from some authoritative source the accepted values of sound in brass, 
iron, and glass, and compute your percentage of error. Enter the percentages of error in the 

composite record. 


COMPOSITE RECORD 



Brass 

Iron 

Glass 


1 

Length of rod (cm.) 




Wave length in solid {cm.) 




Distance between nodes (cm.) 

1 



Wave length in air (cm.) 


1 

1 

1 


Room temperature {Centigrade) 


1 

1 

1 

Velocity of sound in air {cm. 1 sec.) 




Velocity of sound in solid {cm, 1 sec.) 




Accepted velocity of sound in solid {cm. 1 sec.) 




Percentage of error 





CONCLUSIONS 

1. Why was the wave length of the solid in this experiment twice the length of the rod? . . . . 


2. What caused the nodes or depressions in the cork dust in the tube? 


3. What caused the antinodes or peaks of cork dust in the tube? 


15a 






4. Why was the distance from one node to another node in the tube one-half a wave 
in air? 


5. What proportion presses the relation between the velocity of sound in a solid and the 
velocity of sound in air? . 


PRACTICAL APPLICATIONS 

1. Why could Indians m times past tell by placing their ears to the ground whether an enemy 

was approaching? 



******* ’•••••.• 

2. WTiy are the strings of stringed instruments such as the violin and banjo strung on wood? 




3. How can you toll when you attend a meeting in an auditorium whether there in interference 


of sound waves? 


• • • 


• • • • 





W hy must architects in designing buildings be 
sound? 



thoroughly acquainted with the physics of 




« 
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^EXPERIMENT FORTY-ONE 

Vibrating Strings 

(7) relation exists between the frequency and length of vibrating strings? 

(2) What relation exists between the frequency and tension of vibrating strings? 

References: Science for the Citizen, by Lancelot Hogben, pages 307-316 

World of Sound, by William H. Bragg, pages 1-36 

Inirodv^tion. Many musical instruments, such as the violin, bass viol, guitar, banjo, and 
mandolin, consist of strings stretched over wooden boxes or cases. The wooden boxes provide 
anchors for stretching the strings and also help to reinforce the sounds. The strings vary in 
numbo", each instrument having a certain number, such as the violin, which always has four. 
Before the instrument can be played, the strings must be tuned — that is, placed under proper 
tension to produce certain tones in the musical scale. The tuning is accomplished by the turn- 
ing of pegs or thumbscrews attached to the ends of the strings. In some instruments the strings 
are ^used to vibrate by bowing and in other instruments by plucking. To secure different 
muacal sounds, the player presses upon the strings near one end with his fingers, thus modifying 
them vibrating lengths. If the strings are properly tuned, pressure at certain points always 
produces certain tones in the musical scale. Larger instruments which depend upon vibrating 
strings are the harp and the piano. These instruments differ greatly from the other instru- 
ments heretofore described and also from each other, the harp having much longer strings 
than the piano. 

APPARATUS 

Wooden board, wooden triangular prisms or bridges, fine piano wire, universal pulley, weight 

holder, and weights, or ready-made sonometer; and tuning forks of 256, 320, 384, and 512 
frequencies respectively. 

PROCEDURE 

Relation between frequency and length. If a ready-made sonometer is not available, con- 
struct a sonometer by firmly fastening one end of a fine steel piano wire about 100 centimeters 
long to one end of a board placed upon a table. Pass the wire over two wooden triangular 
prisms set crosswise of the board and over a pulley fastened to the other end of the board. 



Place the one prism fairly close to the fixed end of the wire and the other prism about 60 
centimeters away next to the pulley. Suspend a weight holder to the loose end of the wire just 
beneath the pulley and let it hang off the end of the table. Place weights upon the weight 
holder as necessary to cause the wire string, when you pluck it near the center with your finger 
to emit the same tone as a C tuning fork, or fork of 256 frequency. Move the bridge nearest 
the weight holder slightly one way or the other to secure absolute unison of tones. If the string 

Dynamic Pkydcs References: pages 441-447 
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and tuning fork are in tune, the string should vibrate (because of resonance) when the vihra t- 
ing fork is held with its handle against the board of the sonometer. Test the string for vil^a. 
tion by placing a paper rider across the center and observing whether the paper is thrown off 

Why will the paper jump off if the string is in time with the fork? 


Measure in centimeters the length of the wire between the two bridges and enter yoijr 

finding in the third column of the composite record. What is the measured length? 
centimeters. Without changing the weights on the weight holder, move the bridge nearest 
the weight holder until the string is in tune with an E tuning fork, or fork of 320 frequency 

What is the length between the bridges? centimeters. Without changing the 

weights move the bridge nearest the weight holder until the string is in tune with a G t uning 

fork, or fork of 384 frequency. What is the length between the bridges? centi* 

meters. Without changing the weights, move the bridge nearest the weight holder until the 
string is in tune with a C' tuning fork, or fork of 512 frequency. What is the length between 

the bridges? centimeters. 

Enter yoixr findings in the third column of the following table. Then calculate the length 
of the string for each position by applying the law of length ; namely, the frequency of vibrating 
strings IS inversely proportional to their lengths, or iV, : :: : U. Let 256 or the frequency 

of the C tuning fork stand for AT,; 320 or the frequency of the E tuning fork stand for Nt] your 
first measured length stand for Li; and solve for L^. What is the calculated length of 


f li. ^ u’l' ' • Enter your finding in the appropriate space of the third col umn 

ot the table. Next substitute your measured length for Li in the proportion and solve for U 


What IS the calculated length of La? centimeters. Enter the calculated length 

the taWe^”^ ^ ^ similar manner calculate the length L 4 and enter your findings in 

Using the calculated lengths of the strings, as the correct lengths, calculate the percentage 
of error of your measured lengths and enter your findings in the fourth column of the table. 


G 


C' 


.SS4 






5 1 




Li 


Note 

Frequency N 

Measured 

Length 

4 

1 

Calculated 

Length 

C 

E 

1 

256 

L, 

L, 

;J20 




Percentage of 
Error 


thifltt '■'"'"S O'- ‘1''^ "Oigl-t holder ae in 

into unison will, n C' tuningTolk ol“forl of holder to bring the string 

tu ung lorK, or loik of 512 frequency. M hat is the value of the weights m 
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t 4 -u • j* changing the position of the bridges, remove sufficient 

^ weig o er to bring the string into unison with a G tuning fork, or fork of 

3^ frequency. What is the value of the remaining weighte in grams? grams. 

1 ou c angi g e n g^, remove sufficient weights from the weight holder to bring the 
stnng into unison with an E tuning fork, or tuning fork of 320 frequency. What is the value of 

the remaining weights in grams? grams. Without changing the bridges, remove 

sufficient weights from the weight holder to bring the string into unison with a C tuning fork. 


or fork of 256 frequency. What is the value of the remaining weights in grams? 
grams. 


^dings in the third column of the following table. Then calculate the tension 
on the stnng for each frequency by applying the law of tension; namely, the frequency of a 
vibrating stnng vanes directly as the square root of the tension, or Ni : Nt :: V Ti : V T, 
I^t 512, or the frequency of the C' tuning fork, stand for Nr, 384, or the frequency of the G 
tumng fork, stand for Nr, the value of the weights that produced the frequency of 512 stand 


for Ti; and solve for T^. What is the calculated value of T^? grams. Enter 

your finding in the appropnate space of the third column of the table. Next substitute the 
value of the weights that produced a frequency of 512 for T, and solve for T,. What is the 


^Iculated value of Ts? grams. Enter the calculated value of T 3 in the table. 

In a. siimlar mannsr calculate the value of T 4 and enter your findings in the table* 

Using the calculated values of the weights as the correct tensions, calculate the percentage 
of error of yoim measured tensions and enter your findings in the fourth column of the table. 


Note 

Frequency N 

Measured 

Tensions 

Calculated 

Tension 

Percentage of 
Error 

1 

1 

C' 

512 

T. 

T, 

G 

384 

T, 

T, , 

• 

E 

320 

T, 

" * 1 

Tz 1 

C 

256 

T, 

1 

T, 1 



CONCLUSIONS 

1. What is the law of length as it applies to vibrating strings? ; 


2. What is the law of tension as it applies to vibrating strings? 
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3. What relation is there between the frequency and pitch of a vibrating string? 


• • * 


• • • * , 


4. Why does a string vibrate when it is in tune with a vibrating tuning fork? 


PRACTICAL CONCLUSIONS 

1. Mention several musical instruments that depend upon vibrating strings. 


2. How does a violinist tune a violin? 


3. How does a violinist secure different notes from the same string of a violin? 

4. How are the strings of a piano tuned to give them the desired pitch? 


5. Why do telephone wires frequently “sing” in winter? 
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Class Period 


Date 


N.ame 


^experiment FORTY-TWO 

Magnetic Induction 


What 


References: Electricity, by William H. Bragg, pages 97-103 

Industrial Electricity, by William H. Timbie, pages 143-148 
Practical Electricity, by Terrell Croft, pages 25-65 
Science for the Citizen, by Lancelot Hogben, pages 619-624 

Introduction. More than two thousand years ago the Greeks discovered a rocklike ore of iron, 
known as magnetite, which has the property of attracting iron. The Greeks called the sub- 
stance lodestone, which means leading stone, because a bar of the substance when freely sus- 
pended always came to rest with one end pointing north. Magnetite provided the first substance 
for making magnets Later, the people found that they could make magnets from iron by 
stroking the iron with a magnetic bar or by bringing the iron close to the magnetic bar. Today 
worsen make artificial magnete by stroking an unmagnetized piece of metal with a magnet, 
by bringing the piece of metal close to the magnet, or by bringing the piece of metal close to a 
conductor cairying an electric current. The process by which a piece of metal takes on mag- 
netic properties by one of these methods is known as magnetic induction. According to the 
theory of magnetism every piece of iron or steel is made up of tiny particles each of which is 
a separate magnet with a north and a south pole. When the iron is magnetized, the tiny magnets 
align themselves with the north poles pointing in one direction and the south poles pointing 

in the other. Most magnets today are made of steel because a steel magnet retains its magnetic 
properties longer than iron. 

APPARATUS 

Bar magnet, U-shaped magnet, compass, Bunsen burner, forceps, hammer, piece of cardboard 
piece of glass, small steel rod, needles, nails, and iron filings. ’ 



PROCEDURE 

Methods of induction. Stroke a needle several 
times from the eye to the point with the 
north pole of a bar magnet. Spread iron 
filings on a sheet of paper and place the 
needle in the midst of the filings. What 
happens to show that the needle is a magnet with poles? 




.U-shope 

^ magnet 


bar magnet 



Bring the point of the needle close to the north pole of the needle of a compass. What hap- 
pens to the north pole of the compass needle? 


Bring the point of the needle close to the south pole of the needle 
of the compass. What happens to the south pole of the compass 

needle? 

** • 

• • • • . , . . * ^ 

Dijnariiic Phy.sics References: pa^es 458-466 
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According to the behavior of the compass, which end of the magnetized needle 


pole, the eye or the point? Which end of 

needle is the south pole? 


a north 


the magnetized 


Bring an \mmagnetized needle close to but not touching the poles of a U-shaped m 
and tap the needle with a hammer. Bring the point of the needle close to the north pole ofthe 


needle of a compass. What happens to show that the needle is a magnet? 


Heat a needle red-hot by holding it with forceps in the flame of a Bunsen burner TT«i^ 
hot n^le near the poles of a U-shaped magnet and let it cool. Bring the point of the tipoHI 
close to the north pole of the needle of a compass. What happens to show that the needle is a 

magnet? 


• • 


t nearly vertical in a north-and-south plane, with the uoner 

h^^ ° Rrf t™es sharplf with a 

hammer. Bnng the upper end of the rod close to the north pole of the needle of a eomn^J 
What happens to show that the rod is a magnet? 


» • 


compass. 


• « • 


» « 


0 • 


« t • 


• « 


0 • 


How does the latter experiment show that the earth 




is a magnet? 


k • 


• • 


» • 


• « 


4 » 




Hold the head of a nail dose to the north pole of a bar magnet and dip' the point of the 'naii 
into iron filings. What happens to show that the nail 


is a magnet? 


4 » 0 4 


• • 


• • • 


• • 


• • 


• » « « 




Bring the point of the nail close to the nnrfh r ^-u i, » 

Close to the north pole of the needle of a compass. What kind of 

pole is the point of the nail? 

piece of cardboard between the magnet and’ the 'ntiii ’ n’ experiment, holding a 

le magnet and the nail. Does the magnetism pass through the 


cardboard? 


experiment, holding a piece of glass between the magnet 

and the nail. Does the magnetism pass through the glass? 

north pole o7 a bar magneTa^d dJp^the^point'^ofthe (soft iron) close to the 

experiment with the head of an unmagnetized as before. Repeat the 

an unmagnetized needle (hard steel). Which attracts the more 

iron filings, the nail or the needle? 
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What does the difference in attraction show about the relative permeability of soft iron 
and hard steel? 



More the magnet away from both the nail and the needle. Which one retains the greater 

proporUon of it. iron filings? What does this show about the 

relative retentivity of iron and steel? 


• * 

Theory o# Magnetism. Magnetize a needle and drop the needle on the floor. How does the 
collision with the floor affect the magnetism? 

Magnetize a needle, heat the needle red-hot, and then allow it to cool. How does the heat- 
ing and cooling affect the magnetism? 


Magnetize a needle and test with a com- 
pass to find out which is the north pole and N s 

which is the south pole. Cut the needle into ^ — 

two parts of approximately the same length ^ 

and observe by testing with a compass that N, S S n S n S 

each half is now a magnet. Test to see ' " ‘ ' 

whether the eye of the needle and the point of the needle have the same polarity as before or 

whether they have reversed their polarity. What do you find? 


Cut each half-needle into two parts and observe by testing with a compass that each 
quarter of the needle is now a magnet. Test to see whether the eye and the point of the needle 
still have the same polarity or whether they have reversed their polarity. What do you find? 


CONCLUSIONS 

1. The strength of a magnet in a magnetic field may he suddenly increa.sed and the strength 
of a magnet in use may he suddenly (iet rea.'ed two factors, namely 


2. Hard steel has . jfermeahility than soft iron. 

3. Hard steel has . . retentivity than .soft iron. 

4. When a magnetized needle is cut into parts each part hc-cornes a ..eparate 

with and (>oles. 


5. The action of the cornpa. indicates tiiat the earth is a huge 



PRACTICAL APPLICATIONS 

1. Why does the needle of a compass always point in a northerly direction? 


2. Why does the magnetic north differ from the true north? 


••• 

3. How IS a magnet used to withdraw small pieces of steel from the eye? 


4. Why is the head of a hammer sometimes magnetized? 




• i 


• ■ 


5. How does a permanent magnet play a part in the operation of a telephone? 


» • • 


• • • 


♦ • • 


4 


Class Period 


Date 


Name 


experiment forty-three 

Air Navigation by Dead Reckoning 

( 7 ) How does an aviator chart a true course for flying from one location to another? 

( 2 ) How does an aviator correct the true course to find the magnetic course? 

( 3 ) How does he correct the magnetic course to find the compass course? 

(4) How does he correct the compass course to get the compass heading? 

References: Air Pilot Training^ pages 469-495 

Bulletin No, Civil Aeronautics Administration, pages 
66-80 

Introduction. There are two methods by which an airplane pilot charts his course: by contact 
flying, sometinies called pilotage, and by dead reckoning. In contact flying, he depends upon 
landmarks, such as cities, towns, railroads, highways, mountains, rivers, and lakes, to maintain 
his beanngs. In dead reckoning, he depends upon the compass to maintain his bearings and 
flies at a certain angle to the direction indicated by the needle of the compass. In order to 
determine the angle at which to fly, he charts three courses; namely, the true course, the 
magnetic course, and the compass course. Generally for the purpose, he uses special maps 
provided by the United States Coast and Geodetic Survey. 

The true course is the course represented by a straight line drawn on a map from the 

point of departure to the point of destination. The angle which this line forms with a true 
north-and-south line is known as the true-course angle. 

The magnetic course is the true course corrected by taking into account the angle of 
declination, which in the field of aviation is called the variation. The special maps provided 
by the government bear symbols known as agonic and isogonic lines. An agonic line is a line 
drawn through places having 0° variation, and isogonic lines are lines drawn through places 
east and west of the agonic line having the same variations. If the variation is west, the true" 
course angle is corrected by adding the number of degrees of variation; and if the variation is 
east, the true-course angle is corrected by subtracting the number of degrees of variation. The 
angle formed by adding or subtracting degrees of variation is known as the magnetic angle. 

The compass course is the magnetic course corrected by taking into account the errors in 
compass readings caused by the near-by metal parts and the electric current of the airplane. 
The en-ors differ with different airplanes, and hence each airplane must be tested separately 
by being driven in different directions with lights and radio turned on. Some of the errors 
discovered in the test are corrected by the use of compensating magnets. Those which cannot 
be corrected in this manner are plotted on a chart and taken into account by the pilot. This 
chart, known as a deviation chart, shows the errors at 30° intervals from 0° to 360°, or com- 
pletely around the compass. The angle formed by correcting the magnetic angle on the basis 
of the deviation chart is known as the compass-course angle. 

The latter course enables the pilot to fly from one location to another provided there is 
little wind or provided the wind blows parallel to the compass course. If the wind blows at an 
angle to the compass course, however, the pilot must head into the wind at a certain angle in 
order to prevent being blown from his course. In other words, he must correct the compass- 
course angle by the wind-correction angle, or the angle at which he must head into the wind. 

APPARATUS 

Map of your part of the country prepared by the United States Coast and Geodetic Survey, 

or any map showing meridians, agonic lines, and isogonic lines; protractor, ruler; and drawing 
compass. 


Dtjnamic Physics References: pages 473-477 
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PROCEDURE 

Kndmg the fnie course. To understand the method of finding the true course, sum)o<,P . 
you wi^ to fiy from city Z with a longitude of 84“ 30' west to city Y with a longiSe 
west. With a ruler, draw a straight line to represent the true course from X to Y as 
on ^e accompanying section of a map. With a protractor determine the angle whipJi 
mendian at X makes with the line from X to Y, indicated as 40“ on the map. With the nmf. ® 
tor determine the angle which the meridian at Y makes with the line from X to T 
as 42 on the map. Ordinarily an aviator ’ 


84*30' 


8/45' 


would find these angles by means of a com- 
pass rose as described in the textbook rather 
than by means of a protractor. The angle at 
X Md the angle at Y differ because the 
meridians passing through the two cities are 
not parallel. Pind a meridian midway be- 
tween X and Y, represented by 82“ 45' on 
the map. With the protractor determine the 
^gle which this meridian makes with the 
line from X to Y, indicated as 41“. This 
angle, which is the average of the angles 
formed by the meridians with the true-course 
line at X and Y, is the true-course angle. If 
the pilot were to use this angle, however, he 
would not actually fly a straight line from 
X to y, since the angle at X is 40“ and the 
angle at T is 42° instead of 41°. Rather he 
would fly an arc, known as the rhumb line, 
which crosses all the meridians at the same 

angle, in this instance 41°, and would arrive 
at destination Y. 

To find the distance from X to Y, ob- 

With a ruler, measure the 

dS:: i appLma4"l4“tl2: 

betw2L“thrcW t^; T f ‘''p ‘>>6 true course 

ernes not more than 4 of longitude apart and preferably one farther north than the other. 

mat is the lon^tude of city ^ What is the longitude of city Be 

She” wS"? protmcT ‘°th ®T "’P .“:"P o”e city'to the 

coiirs6 lin6 and th6 angl© which the mGridian at B forms v 

uen tne meridian at B forms with the true-course line. What is the 



/^imswe 


5coie;I inch«60mifes 
10 20 20 


What 


is the angle at B? meridian 

course angle. What is the true-course anerle^ ^ j.i • i 

® How does this angle compare 

with the angle at A? 


How does it compare with the angle at B? 




• • 


• • 


• • 
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Observe the scale on the map. What is the scale in miles per inch? With 

a nJe measi^e in inches the distance from A to B. What is the distance? inches. 


Multiply this distance by the number of miles per inch indicated in the scale to find the distance 


in 


niles from A to B. What is the distance? miles. 

Enter your findings in the appropriate spaces of the following table. Then select two 

other cities, C and D, and find the true course and the distance between them. Enter your 
findings in the table as before. 


1 

Cities 

1 

Longitude 

Meridian Angle 

Midway 

Meridian 

True- 

Course 

Angle 

^Distance 

First City 

Second City 

At First 
City 

At Second 
City 

Inches 

Miles 

AtoB 



1 

1 





C to D 





1 





Finding the magnetic course. To understand the 
method of correcting the true course to find the 
magnetic course, assume that the magnetic varia- 
tion or declination of the compass at city X, as 
shown by the isogonic map, is 0.4° west and that 
the magnetic variation at city 7 is 3.8° west. The 
average of these two variations is 2.1° west, but, 
since fractions are ignored in plotting courses, you 
consider the average as 2.0° west. This average 
represents approximately the variation at the 
point where the midway meridian crosses the true- 
course line from X to Y. Since the variation is west, 
a line is drawn to the left of the midway meridian 
from the point where the midway meridian crosses 
the true-course line forming an angle of 2° with the 
midway meridian. As indicated in the first part of 
the experiment, the true course forms an angle of 
41° with the midway meridian. Therefore, you add 
2° to 41°, obtaining 43° as the corrected true-course 
angle or the magnetic-course angle. If the varia- 
tion were east, the line would be drawn to the 
right of the midway meridian and you would sub- 
tract the 2° from the 41°. 

Locate on the isogonic map cities A and B, 
which you considered in the first part of the ex- 
periment, and note the magnetic variation at each 


city. What is the variation at A? 



What is the variation at 5? What is the average variation expressed in the 

nearest whole degree, or the approximate variation, at the midway meridian? 

According to this average variation, what is the corrected true-course angle, now known as the 


lagnetic-course angle? 
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Enter your findings in the appropriate spaces of the following table. Then correct 

^e<M>uree angle for a flight from C to D to find the magnetic-course angle and enter vm ,. 
findings m the table. 


1 

Cities 

1 

1 

Magnetic Variation 

True-Course 

Angle 

Magnetic-Course 

Angle 

At First City 

At Second City 

Average 

A to B 






CtoD 







Deviation 

West East 

6 ' 4 * 2 * 0 * 2 * 4 ' 6 - 


Knding the compass tou^. To correct the magnetic course to find the compass course vou 
need to consult the deviation chart. This chart shows the errors in compass readings caused 

by the near-by metal parts and the electric current 
of the airplane. For your present purpose use the 
sample deviation chart shown in the right-hand 
drawing. The true-course angle in the flight 
from city X to city Y, as determined from an 
earlier part of the experiment, is 41 °, and the mag- 
netic-course angle is 43 °. According to the devia- 
tion chart, you find that the deviation for 43° is 
approximately 4 ° west. Since the deviation is 
west, you add 4 ° to the magnetic-course angle, ob- 
taining 47 ° as the 
compass-course an- 
gle. The accompany- 
ing drawing shows 
the relation between 
the compass-course 
angle and the other 
angles which you 
have found. Note 
that, since the devia- 
tion is west, a line is 
drawn from the point 
where the true north 
line or meridian cuts 
the true-course line 
forming an angle of 
4 ° with the true north 
line. 

Using cities A 
and B which you 
chose for the earlier 
parts of the experi- 




6 ' 6 ‘ 


ment, determine the compass-course angle for ^ flight from 1 to V WhaTS the Sue-coS 


angle as previously detennlned? What is the magneticcourse angle’ 

According to the deviation chart, what corrppiian muci- ^ course angle 

on must be made in the magnetic-course angle? 

correction, what is the compass-course angle? 
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Enter yoiir findings m the appropriate spaces of the following table. Then find the mag- 
netic-course angle for the flight from city C to D and enter your findings in the table. 



finding the compass heading. To understand the method of finding the compass heading 
assume that on the flight from city X to city Y the airplane travels at a speed of 100 miles per 
hour and that a cross wind blows from the west at an angle of 90° with the true north at a 
speed of 30 miles per hour. Draw a line to represent a section of the true course from X to Y 
and also a north-and-south line intersecting the true-course line at O as shown in the accom- 
panying drawing. According to earlier data in the experiment, the true course angle is 41°. 
Draw a line through O, at an angle of 90° to the true north to represent the cross wind. Using 
a scale of one inch equals a speed of 30 miles per hour, locate point W on the line one inch from 

point 0, since the speed of the wind is 30 miles per hour. The line OW represents the effect of 
the cross wind on the movement of the 

airplane. Using the same scale as be- 
fore, with as a center and a radius of 
3i inches representing the speed of the 
airplane per hour, draw an arc cutting 
the true-course line at point P; and 
draw line WP. The line WP represents 
the air-speed line, or the direction of 
flight with the force of the wind taken 
into account. The line OP represents 
the ground speed, or the speed of the 
airplane with reference to the ground. 

By measuring this line, you find that 
it is 3ft inches long, which represents 
118f miles per hour on the basis of the 
scale; namely, one inch equals 30 miles 
per hour. 

From point 0 draw a line OH 
parallel to WP. The angle POH which 
this line forms with the ground-speed 
line is known as the wind-correction 

angle, and the angle OPW is known as 
the wind-drift angle. Since line OH is 
parallel to line WP, the two angles are 
equal. With the protractor measure 
the correction angle, indicated at 13° 
in the drawing. Whenever a cross wind 
is from the right with reference to the 
direction of flight, the wind correction must be added ; when the wind is from the left, the cor- 
rection must be subtracted. Here the cross wind is from the left and the correction must be 
subtracted. The correction may be applied either to the compass-course angle or to the true- 
course angle. The tabulation at the left on the following page shows the correction applied 
to the compass-course angle and that at the right shows the correction applied to the true- 
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course angle. TC in the table stands for true-course angle, V for variation, MC for inacmo« 
couree angle, D for deviation, and CC for compass-course angle. After the wind corrapfi ^ 
h^ applied, the word course (C) is changed to heading {H), and consequently in the taw" 
itf sto^ for true-course angle with wind correction included, MH for magnetic-coursp i 
wli wmd correction included, and CH for compass-course angle with wind correction include/ 

of in connection ydth the wind angle means left with reference to the deviaHnn 

of flight, and W used in connection with deviation and variation means west. The vahip n 

m one coluinn differs from the value of D in the other because in the one instance the deviafin 
IS based on 43° and in the other instance on 30°. deviation 


Applied to Compass Course 

rc=4i° 

y=2°w 

MC= 43° 
D=4°W 
CC=47° 

Wind = 13°L 
CH = 34° 


Applied to True Course 

TC = 41° 
Wind=13°L 
TH = 28° 

y=2°w 

MH=Z0° 

D=3°W 

CH=3B° 


rr.,-io time in minutes required to fly from city X to city Y substitufp 9A(\ 

miles for distance and 11« 19 ?; Tnil^o 1 __T» .1 Slue ^40 


distance X 60 


or 


^ opccu 111 witj loiiowing 

On this basis Time=^^^ or 110.73 minutes. 


ground speed 

and the true-course ande hv compass-course angle 
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Compass Course course 


TC= 

TC = 

y= 

Wind = 

MC= 

TH = 

D= 

V = 

cc= 

MH = 

Wind = 


CH= 

CH = 


Using the same equation as before, find the time in minutes required to fly from city C 
to city D. What is the time? minutes. 

CONCLUSIONS 

1. What do you understand by true course? 


2. What do you understand by magnetic course? 


3. What do you understand by compass course? 


4. When must the variation be added to the true-course angle? 


When must it be subtracted? 


5. When must the deviation be added to the magnetic course? 


When must it be subtracted? 
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6, Under what conditions must a compass heading be found? 



7. To which courses may a wind correction be applied? 



8* When must the wind correction be added? 



When must it be subtracted? 




9. What formula is used in finding the time required to fly from one city to another? 


PRACTICAL APPLICATIONS 

1. How does this experiment show that an aviator is concerned with the magnetic north? 


2. How does the experiment show that an aviator is concerned with errors of the compass 
reading because of the metal parts and the electric current of the airplane? 


••••• • #«•»»«•!•# 

3. Why must an aviator take the speed and direction of the wind into account in charting his 
course? 


4. How does this experiment show that 


an aviator must chart his course carefully? 


• r » • 


• • • 


4 • 


• 4 • » 




« • « * 


• • * 
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Class Pekiod 


Date 


Name 


experiment FORTY-FOUR 

Static Electricity 

What IS fhs nature of static electricity? 

References: Industrial Electricity. Part I, by Chester L. Dawes, pages 

183-207 

Industrial Electricity, by William H. Timbie, pages 1-3 

Science for the Citizen, by Lancelot Hogben, pages 625—636. 

644-657 

Introduction. Static electricity, as its name indicates, is stationary electricity or electricity at 
rest, as distinguished from c^ent electricity or electricity in motion, the kind that does use- 
ful work. The energy of static electricity is potential, whereas the energy of current electricity 
is kinetic. You experience static electricity occasionally in shocks, as when you touch a metal 
object after walking over a carpet or rug. The electricity in such an instance is formed by 
friction between your shoes and the carpet. Static electricity is always formed by friction and 
exists in either of two kinds of charges, positive or negative. Like charges, either positive or 
negative, repel each other and unlike charges attract each other. The explanation for these 
charges is derived from the theory of the structure of an atom. An atom is supposed to con- 
tain a positively charged nucleus around which move small negatively charged electrons. The 
electrons are held in the atom because the electrons and nucleus attract each other, but if the 
attraction is weak some of the electrons may be detached and transferred to other atoms. 
When this occurs, an atom that loses electrons becomes positively charged because it is deficient 
in negative charges. On the contrary, an atom that gains electrons becomes negatively charged 
because it has an excess of negative charges. Each negatively charged electron is part of an 
atom that moves. 

APPARATUS 

Glass rods, ebonite rods, woolen cloth, cat’s fur, silk 
thread, sealing wax, paraffin, aluminum-covered balls, 
electroscope, calorimeter, sheets of zinc fastened to 
wooden bases, and cord. 

PROCEDURE 

Positive and negative charges. Rub a glass rod with a 
piece of silk cloth to give it a positive charge of elec- 
tricity, as explained in the textbook. Suspend the rod 
by means of a cord and wire sling so that it turns freely 
in a horizontal plane, as shown in the drawing at the 
right. Charge a second glass rod in the same manner by 
rubbing it with a silk cloth. The second rod, like the 
first, receives a positive charge of electricity and hence 
the charges on the two rods are alike. Bring the second 
charged rod close to one end of the suspended charged 
rod and observe that the end moves slightly from its 

original position. Does the end move toward the second rod or away from the second rod? 



Rub an ebonite rod with a piece of woolen cloth or cat’s fur to give it a negative charge of 
electricity, as explained in the textbook. Since the charge is negative, it is unlike the charge 

Dynamic Physics References: pages 458-508 
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on the suspended glass rod. Bring the ebonite rod close to one end of the suspended glass rod 
and obsorve that the end again moves slightly from its original position. Does the end move 

toward the ebonite rod or away from it? 

How does the direction in which the end moves compare with the direction in which it moved 

before? 

According to the foregoing findings would you say that like charges of electricity attract each 

other or repel each other? 

How do unlike charges affect each other? 

* ^ • • « • • « 

Eleetrifleation by conduction. Charge an ebonite rod nega- 
tively as before by rubbing it with a piece of woolen cloth or 
cat’s fur. Bring the ebonite rod into contact with an alu- 
minum-covered pithball suspended by a silk thread, as shown 
in the drawing at the left. Test the pithball to see whether it 
receives a charge of electricity and whether the charge, if 
any, is positive or negative. First bring a negatively charged 
ebonite rod close to the pithball and then a positively charged 

glass rod. Which rod attracts the pithball? 

Which rod repels the pithball? 

What kind of charge 

does the pithball possess? 

According to this experiment when a body is charged by con- 
duction, how does the kind of electricity received compare 
with the kind of electricity possessed by the charging body? 


Electrification by induction. Hang two aluminum-covered 
pithballs, A and B, by silk thread so that they touch each 
other. Charge an ebonite rod negatively as before and bring 
the rod close to ball A on the side away from ball B. Move 
one of the pithballs slightly away from the other by holding 
the silk cord. Test the charge on each ball by bringing the 
ebonite rod close to the ball. How does the ebonite rod affect 

pithball A? 


What kind of charge has the ball? 

How does the ebonite rod affect pithball B? 


What kind of charge has the ball? 
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According to this experiment, when an object is charged by induction, how does the charge 
received by the end nearer the charging body compare with the charge on the charging body? 


How does the charge received by the end farther removed from the charging body compare 
with the charge on the charging body? 


The principle of conduction. Suspend an aluminum-covered 
pithball by a silk thread and by means of a steel or copper 
wire connect the sphere, with the ball of an electroscope. 
Touch the pithball with a negatively charged ebonite rod 
and notice that the leaves of the electroscope diverge. The 
divergence of the leaves shows that an electrical charge of 
the same kind of electricity has reached both the leaves, caus- 
ing them to repel each other. How does the charge on the 
leaves show that the steel or copper wire is a good conductor 

of electricity? 


silk 


copper 



io 



steel sphere 



/H 


A 




electroscope 



Replace the wire with a silk thread similar to that by which the aluminum-covered pith- 
ball is suspended. Touch the pithball as before with a negatively charged ebonite rod and 
notice that the leaves of the electroscope do not diverge. How does the absence of charge on 

the leaves show that the silk thread is a nonconductor of electricity? 


The d/sfribufion of electrical charges. Insulate a metallic vessel such as the inner vessel of a 
calorimeter by placing it on a bar of sealing wax or paraffin. Charge the vessel by conduction, 
rubbing it with a charged ebonite rod. Test the inside of the vessel for an electrical charge by 
touching it with a proof plane. (If no ready-made proof plane is available, prepare one by fasten- 
ing a penny to the end of a stick of sealing wax.) To determine whether the proof plane carries 
an electrical charge, and how strong the charge is, if present, bring the proof plane close to the 

ball of an electroscope. What happens to the leaves of the electroscope? 


What does the behavior of the leaves reveal about the presence of an electrical charge on the 

inside of the vessel? 

Touch the outside of the vessel with the proof plane and bring the proof plane close to the ball 

of the electroscope. What happens to the leaves of the electroscope? 
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What does the behavior of the leaves reveal about the presence of an electrical charge on the 
outside of the vessel? 

How does this experiment show that an electrical charge spreads over the outside of a conduc 
tor or occupies the largest area possible? 






proof plane 


zinc plate 


The principle of a condenser. Insulate an upright five- 
inch-square zinc plate attached to a wooden base by 
placing the plate upon a bar of sealing wax or paraffin. 
With a copper wire connect the zinc plate with the ball 
of an electroscope. Such a wire, as you have learned, is 
a good conductor of electricity. Charge a proof plane by 
touching it with a negatively charged ebonite rod. Then 
touch the zinc plate with the proof plane and notice how 
far the leaves of the electroscope diverge. Since the zinc 
plate is charged by conduction, what kind of charge 
would you expect it to have? 


Bnng a second five-inch-square zinc plate attached to a wooden base close to the first 

zinc plate so that the two plates face each other about two millimeters apart. While bringinv 

the second plate into position, touch it with your hand to provide a connection with the earth 
Notice that as the second plate approaches the 

first plate, the leaves of the electroscope partially 
close. This behavior on the part of the leaves 
shows that, even though no electricity has left the 
first plate, it has less potential than before, be- 
cause of the presence of the second plate. Since 
the second plate is charged by induction, what 
kind of charge would you expect it to have? 



Ch^ge a proof plans by touching it with a negatively charged ebonite rod and then bring 
the proof plane into contact with the first zinc plate. Repeat the procedure until the leaves of 
the electroscope diverge as widely as in the beginning. How many proof-plane charges are 

reqim ed . Rcmghly this number indicates the number of times the capacitance, 

or electrical capacity, of the first zinc plate is increased by the presence of the second zinc plate. 

The medium between the two zinc plates is known as the dielectric. Change the medium 
from air to glass by slipping a five-inch-square piece of glass between the zinc plates. What 

happens to the leaves of the electroscope? 


• • 


Which is the better dielectric (increases the capacitance more), air or glass’ 

wllnr between the two zinc plates and apply sufficient proof-plane charges to the 

St zinc plate to cause the leaves of the electroscope to diverge as widely as before. How many 

charges are required? 


174 




Move the second zinc plate sidewise until only half its surface faces the first zinc plate. 
What happens to the leaves of the electroscope? 


Move the second zinc plate back to its position directly in front of the first zinc plate and 
notice that the leaves return to their original position. From this behavior on the part of the 

leaves what effect would you say the area of the plates has on capacitance? 


Move the second zinc plate directly away from the first zinc plate and observe what hap- 
pens to ^e leaves of the electroscope. Move the second zinc plate back to its original position 
and notice that the leaves diverge as widely as before. FYom this behavior of the leaves what 

effect would you say that the distance between plates has on capacitance? 


CONCLUSIONS 

1. What two kinds of charges are there? 


2. When an object^is charged by conduction, how does the kind of charge received resemble the 

charge on the charging body? 

3. When an object is charged by induction, which end of the object receives a charge like the 

charge on the charging body? 


Which end receives a charge opposite from the charge on the charging body? 


4. What do you understand by a conductor? 


5. Where are electrical charges found with respect to the structure of a body? 
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6. Which is the better dielectric for a condenser, air or glass? 

does the distance between plates affect the capacitance of a condenser? 



How does the area of the plates facing each other affect the capacitance? 


« • 




PRACTICAL APPLICATIONS 


1. Why do you sometimes get an electric shock when you touch a metallic object after walking 


over a carpet or rug? 


• I 


2, Why does a gasoline truck usually have a chain dragging on the highway or street? 


3. How can you explain lightning on the basis of static electricity? 




4. \M,y would you probably be safer from lightning sitting 




« « 


in an automobile rather than 


standing under a tree? 




• * 


• IP 


o. Why is it important to know what objects 


• ■ • 


jects are no*t? 


are good conductors of electricity and what ob- 


• • 


• • • « 


• • 






• • 


• I 




• • • • 
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Class Pesriod 


Date 


Name 


^experiment forty. five 

Fall of Potential 

(/) What relation exists between the fall of potential along a conductor and the 
res/sfance of fhe conductor? 

(2) mat relation exists between the fall of potential and the current flowing 
through a conductor? 

References: Industrial Electricity, by Chester L. Dawes, Part I, pages 18- 

20, 36-43 

Industrial Electricity, by William H. Timbie, pages 15-18 
Science for the Citizen, by Lancelot Hogben, pages 681-683 

Introduction. When an electric current flows through a conductor, the electrical potential 
decreases along the conductor. The potential is greater nearer the source of the current than it 
is farther removed from the^ source. The decrease in electrical potential along a conductor is 
known as the fall of potential. If a conductor is of uniform size, material, and temperature, 
the fall in potential is directly proportional to the length. Thus the fall of potential along a 
conductor 100 feet long is twice as great as the fall of potential along a conductor of the same 
size, material, and temperature 50 feet long. Two factors account for the fall of potential; 
namely, the resistance of the conductor and the current flowing through the conductor. The 
fall of potential is measured in volts, the current is measured in amperes, and the resistance is 
measured in ohms. If E represents the fall of potential, I represents the current, and R repre- 
sents the resistance, the relation of the fall of potential to the current and resistance is as follows: 
S=/i2. Frequently the fall of potential as determined by the equation is called the IR drop 
or the line drop. In the first part of this experiment you will use a constant or unchanging 
current and observe the relation between fall of potential and resistance. In the second part 
you will maintain a constant resistance by taking voltmeter readings between the same parts 
in the conductor and observe the relation between fall of potential and current. 

APPARATUS 

Board fitted with about 30 feet of No. 28 nichrome wire; lamp board, with lamps; voltmeter; 
ammeter; switch; and 110-D.C. dry cells or storage battery. 

PROCEDURE 

fail of potential and resistance. Stretch about 30 feet of No. 28 nichrome wire on a broad 
board, and number the terminals from right to left on one side of the board 1, 2, 3, 4, 5, 6, 7, 
and 8, as shown in the accompanying drawing. Connect terminal 1 with one of the line termi- 


lamp board 
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ammetar in the Kne; and connect terminal 8 with the other line temtinal 
110 direct current is used, place a lamp board with lamps in the latter line for resists 
Connect a voltmetar with terminals 1 and 2 of the board and take the readincr of thp 


^^^is the readi^? volts. This niunber of volts represents the fall in poten- 

tial between terminals 1 and 2. The reading of the ammeter shows the strength of the current 


flowing through the circmt. What is the reading? amperes. Enter the volt- 

meter and ammeter readings in the second and third columns of the following table. Leave 
one taming of the voltmeter connected with terminal 1 of the board and connect the other 
tommal with terminal 3 of the board. What is the fall in potential between terminals 1 and 3? 


volts. Since you wish to maintain a constant current, leave the ammeter con 


nected as before. What is the ammeter reading? amperes. Enter the voltmeter 

Md ammeter ladings in the second and third columns of the table. For further readings 

leave one terminal of the voltmeter connected with terminal 1 of the board and connect the 

other tergal successively with terminals 4, 5, 6, and 7 of the board. Leave the ammeter 

coimectM as before. Take the readings of both voltmeter and ammeter and enter the read- 

mgs m the table as before. If you take the readings correctly, all the ammeter readings should 
oe the same. 

Compute the resistance between terminals 1 and 2, 1 and 3, etc., by applying the follow- 

mg equation : Resistance = or R = Enter your findings in the fourth column 
of the following table. 


Compute the ratio of the fall of potential between terminal 1 and other terminals suc- 
^vely up to and including terminal 7 and enter your findings in the fifth column of the 
table. Compute the ratio of the resistance between terminal 1 and other terminals successively 
up to and including terminal 7 and enter your findings in the sixth column of the table If 
^u have t^en your ridings and calculated correctly, since the fall of potential between any 
two points m a circuit is directly proportional to the resistance between these points, the cor- 
responding entries in the fifth and sixth columns should be the same. In other words, the 

following relationship should exist: 

Rfi 


Using the ratio of one potential to another as the correct ratio, compute the percentage 
of error and enter your findings in the last column of the table. 


Terminals 


1 and 2 


1 and 3 


1 and 4 


1 and o 


1 and G 


I and 7 


Fall of Potent'lal 
{E) IN Volts 

Current (/) 
IN Amperes 

Resistance 
( ff) IN Ohms 

E. 

R, 

Rn 

Percentage 
OF Error 




El 

Ex 

El 

El 


1 

j 

1 

1 

i 

4 

1 

i 

1 

1 

1 

El 

Ez 

Ex 

|/?a 


1 

1 

El 

Ez 

El 

E, 

1 


El 

Ex 

El 

Ex 




Ex 

Eu 

Ex 

E, 




El 

Et 

Ex 

E\ i 
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Ml of potential and eumnf. Connect terminal 1 of the board with one of the line terminals- 

place an ammeter m the line; and connect terminal 8 with the other line terminal. If 110 

dir^t K place a lamp bo^d with lamps in the latter line for resistance. Con- 

nect a voltmeter with terminals 1 and 3, and take the reading of the voltmeter. What is the 


reading? 


This reading indicates the fall in potential between terminals 


lands. What is the reading of the ammeter’ rpu- j- • j- , 

the stren^h of the c™t flooring through 'the cirouit.' Enter the voltmem 

connec^ ^th terminal 1 of the board and connect the other line terminal with terminal 7 

It the voltmeter connected 

with tenmnals 1 and 3 as before. Why does leaving the voltmptpr 


enable you to maintain the same resistance? 


According to the reading of the voltmeter, what is the fall in potential? 
Why is the voltmeter reading greater than before? 


volts. 


According to the ammeter, what current flows through the circuit? 
Why is the ammeter reading greater than before? 


amperes. 




• 

Enter the voltmeter and ammeter readings in the second and third columns of the following 

table. For further readings leave one line terminal connected with terminal 1 of the board 

and connect the other line terminal successively with terminals 6, 5, 4, and 3 of the board 

Leave the voltmeter connected as before. Take the readings of both voltmeter and ammeter 
and enter the readings in the table. 

Compute the resistance in each instance by using the same equation as you used in the 

first part of the experiment, namely : Resistance = cm^renT^'^^ or R=j. Enter your find- 
ings in the fourth column of the table. 


Compute the ratio of the fall of potential between terminals 1 and 3 when one line termi- 
nal was connected ynth terminal 1 of the board and the other line terminal with terminal 8 
of the board and with each successive terminal of the board up to and including terminal 3, 
and enter yoim findings in the sixth column of the table. Compute the ratio of the current 
between terminal 1 and terminal 8 and between terminal 1 and each successive terminal from 
terminal 7 to terminal 3, and enter your findings in the seventh column of the table. If you 
have taken^ your readings and calculated correctly, since the fall of potential between any 
two points is directly proportional to the current flowing between the points, the correspond- 
ing entries in these columns should be the same. In other words, the following relationship 

should exist : ^=~ 

Using the ratio of one potential to another as the correct ratio, compute the percentage 
of error and enter your findings in the last column of the table. 
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Link 

Terminal 


|Fall of Potential 
(E) in Volts 


Current (/) 
m Amperes 


Em 


h 

In 


Pehcbntagb of 

Error 


1 and 8 


1 and 7 


1 and 6 


1 and 5 


1 and 4 


1 and 3 


Bi 


CONCLUSIONS 


1. The faU of potential refers to the in electrical pressure along a conductor. 

2. Two factors determine the fall of potential along a conductor, namely 


and 


3. The fall of potential is 


to the resistance 


and 


to the current. 


PRACTICAL APPLICATIONS 


1. Why are the lamps in a home electric lighting system frequently placed 


in two or more 


circuits rather than in a single circuit? 


2. Why do the lights in a kitchen sometimes grow dim when an eieetrieai heating device is 


turned on? . 




* ^ • A 


3. Why do the headiights of an antomobiie frequentiy grow dim when the driver steps on the 

■starter? 

**’***•••••♦. 


• • • a 




• • • . 






• a • 
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Period 


Date 


Name 


^experiment forty. six 

Resistance Determined by Voltmeter-Ammeter Method 

How may fhe resistance of a conductor be determined by the use 

of a voltmeter and ammeter? 

References: Electricity, Part I, by Chester L. Dawes, pages 

JndMsWa^ Electricity, by William H. Timbie, pages 19-38, 

InlrodmUon Electricity flows along a conductor because of electrical pressure, much as water 
flows tough pi^ because of water pressure. The force that actually drive; the elSSy 
along the conductor .s known as the electromotive force. The flow of electrons is impeded by 
r^tance m the conductor, much as the flow of water is impeded by frictional resistrmee in 
p.pK. This resistance opposes the current, and hence the greater the resistance, the less is 
the flow. For certain purposes r^istance is needed.'but in most instances it results in a loss 5 
en^gy which ^lentists tiy to hold to a minimum. Resistance depends partly upon three 
factom wift ^«ence to the conductor-namely, the material, length, anS size; and parUv 
upon the kind of connections in a circuit, whether series or parallel. This experiment trill en- 
able you to explore all these factors and to observe their effects. 


APPARATUS 

Resistance board containing four wires 3 feet long, one nichrome wire No. 30, one nichrome 

wire No. 28, one German silver wire No. 30, and one copper wire No. 30; voltmeter; ammeter- 
6-volt storage battery or 4 dry cells; and copper wiring. 


PROCEDURE 

Resistance of individual conductors. Set up appartus as shown in the accompanying drawing, 
with nichrome wire No. 30 extending from terminal A to terminal B; nichrome wire No. 28 
extending from terminal B to terminal C; German silver wire No. 30 extending from C to 



terminal D; and copper wire No. 30 extending from terminal D to terminal E. Connect a volt- 
meter between terminals A and B, and place an ammeter between terminal A and terminal 
^ of the storage battery or group of dry cells. Place a resistance box between the ammeter 
and terminal X to prevent overheating of the wires. Connect terminal B with terminal Y 
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storage battery or group of dry cells. The voltmeter reading 
>etween A and B over the nichrome wire No. 30. What 


volts. What is the ammeter reading? amperes. To find 

resistance, substitute these findings in the equation: Resistance = 

current 


or ohms = 


volts r. E 

amperes ^ What 


onms. Jinter your findings in the fifth, sixth, and seventh columns of the following table 

third, and fourth columns of the table show the length in feet (L), the diameter 
m nuls (£>), and the known resistance per mil-foot (K) of the various wires. Calculate the re- 

^tance of each wire by substituting these values in the equation R = Enter your findings 
in the eighth column of the table. 

jn calcidated resistances as accepted values, determine the percentage of error 

n each experimental resistance, and enter vonr finHIn 


Wire 


Material 


Length 

(feet) 


1 


■ Nichrome 
No. 30 I 


Diamet] 

(mils) 


PER 

Mil-Foot 


10 


660 


2 Nicrome 
' No. 28 I 


3 


14 


German 
silver 
No. 30 


10 


660 
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Copper 
No. 30 


3 


10 


10.4 


^ Potential 
Difference 

{ E ) 

Current 

(/) 

Experimental 

Resistance 

{R) 

Calculated 

Resistance 

{R) 














1 





Percent- 
age OP 
Error 


apparatus so that the first wire, nichrome No 30 and the 

^ outside circmt and leave the ammeter and resistance box in the 
Ima as before. Connect temnnal C of the resistance board with terminal y of tSr4d7c”cu!l 

Place the voltmeter between terminals A and C. What is the voltmpfpr rpnri,-rr„? 


\ots. What 13 the ammeter reading? amperes. Substitute these quantities in 

the equation R = j to find the resistance. What is the resistance? ohms. Enter 

your findings m the second, third, and fourth columns of the following table. 

Germ^an^lve^Nrsrjre cLhp ^0 wire, the nichrome No. 28 wire, and the 

German No. 30 wire connected in series, move the wiring from terminal C to terminal 

D, and leave all other connections the same. What is the voltmeter reading? 


volts. What is the ammeter reading’ a j- 

^ amperes. According to these quantities 


ohms. Enter your findings 


and the foregoing equation, what is the resistance? 
in the second, third, and fourth columns of the table. 

To find the resistance of all four wirpq cnnnp/^tod ■ .... 

D to terminal E and leave all other connections tht the wiring from terminal 

uiner connections the same. What is the voltmeter reading? 
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resistance? 


What 


1 4.u^ • , iiiiuiugs in tne taoie as before. 

Check the experimental resistance of each grouD of wirp«i hv finriinfr f xu i 

I resistances of the vrire. taken senarat^®?. L _sum of the calcu- 


tt ”' ^-u 1 1 i- T — •’'T s^v^up ui wues m tne sixth column of the table 

Using the ^cnlatrf resKtoes as accepted values, determine the percentage 5 e^r in 
expenmental resistance and enter vour finfUna^ 


Wires IN 
Series 

Potential 
Difference ( E ) 

Current 

(/) 

Experimental 
Resistance ( R ^) 

Calculated Re- 
sistance (H/) 

Percentage of 
Error 

1 

1 and 2 



1 



1, 2, and 3 



1 



1, 2, 3, and 4 






— L r 


Resistance in paro/te/. Set up the apparatus so that the first wire, nichrome No. 30 and the 
second we mclmome No. 28, are connected in parallel. Connect terminal A of the resbtence 
board ^th terminal X of the outeide circuit and leave the ammeter and resistance bofin the 
line Bs before. Connect terminal B of the resistance board with terminal 7 of the oSside 
circuit. Connect temina s A and C of the resistance board with a large copper wire o? neg! 
hgible resistance. Place the voltmeter between terminals A and B. What is the voltmSr 

volts. What is the ammeter reading? amperes. To find 

the resistance, substitute these quantities in the equation R=j. What is the resistance? 

■ ■ ; ■ ■ ; ohms. Enter your findings in the second, third, and fourth columns of the follow- 

mg table. 

In a simil^ manner find the resistance of the nichrome wire No. 30, nichrome wire No 28 
and German Sliver wire No. 30 connected in parallel. Leave the large copper wire between'ter- 
minals A and C and connect terminals B and D with a second large copper wire. What is the 

voltmeter reading? volts. What is the ammeter reading? amperes. 

According to these quantities and the foregoing equation, what is the resistance? Enter your 
nnaings m the second, third, and fourth columns of the table. 

Now find the resistance of all four wires connected in parallel. Leave the large copper 
wires between terminals A and C and between terminals B and D, and connect terminals C and 

E with a third large copper wire. What is the voltmeter reading? volts. What is 


tte ammeter reading? amperes. What is the resistance? ohms. 

Enter your findings in the table as before. 

Check the experimental resistance of each group of wires connected in parallel by letting 
he conductance of the group equal the sum of the conductances of the wires taken separately, 
or instance, if R, represents the calculated resistance of the first two wires connected in 
parallel and Ri and Rz represent the separate resistances of the wires, find the calculated 

resistance of the first two wires by substituting in the equation i = 4- + w • In a similar 

xLg Jtii /v2 

manner find the calculated resistance of the first three wires connected in parallel and of all the 
wires connected in parallel. Enter your findings in the fifth column of the table. 
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Using the calculated resistances as accepted values, determine the percentage of error in 
each experimental resistance and enter your findings in the last column of the table. 


Wires in 
Parallel 

1 

Potential 
Difference ( E ) 

Current 

(/) 

Experimental 
Resistance (12*) 

Calculated Re- 
sistance (12c) 

Percentage of 

Error 

1 and 2 i 

1 ^ 1 

1 

1 


1 

1 



1, 2 and 3 


1, 2, 3, and 4 


CONCLUSIONS 

1. The resistance of a conductor depends upon the material in the conductor, the 

wire in this experiment offering the greatest resistance. 


2. The resistance of a conductor is to its length. 

3. The resistance of a conductor is to its cross-sectional 


area or to the square of its diameter. 

4. To find the resistance of conductors connected in series, you substitute found values in 

the equation 

5. To find the resistance of conductors connected in parallel, you substitute found values in 

the equation 



PRACTICAL APPLICATIONS 

1. Why is a large cable used to carry electricity from the storage battery of an automobile? 


2. What materials make good conductors for electrical heating devices when large resistance 
is required? 


3. Why are the electric lamps in a home connected in parallel rather than in series? 
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EXPERIMENT FORTY-SEVEN 

Resistance Determined by Wheatstone Bridge Method 

How may the resistance of a conductor be determined by using a Wheatstone 

bridge of slide-wire form? 

References. Industticil Electricity, Part I, by Ch6ster L. Dawes, pacces 

105-123 

Industrial Electricity, by William H. Timbie, pages 125-136 
Science for the Citizen, by Lancelot Hogben, pages 674-677 

Introduction, One of the most accurate methods of finding the resistance of a conductor is by 
means of the Wheatstone bridge. This device consists of four sides or arms as indicated by 
ab, be, cd, and da in the accompanying diagram. Three of the sides, ab, da, and cd, contain 
conductors of known resistances, indicated by Ri, Rt, and 
Rt respectively, and the fourth side, be, contains a conductor 
Ri of unknown resistance. Between a and c is a galvanometer 
indicated by g and a key or switch indicated by ki. The 
apparatus is brought into an electrical circuit by means of 
a key indicated by ki. When ki is closed, the circuit flows 
to 6, where it divides into two currents: current h, which 
passes by way of c to d; and current I 2 , which passes by way 
of a to d. The bridge is balanced by adjusting resistances 
Ri, Ri, and R 3 until the galvanometer shows no deflection 
when key ki is closed. If X represents the unknown re- 
sistance, the following relation exists in the balanced bridge : 

Ri-.Ri :: X-.R^, or X = ^^- 

ri2 

The Wheatstone bridge is especially important in the 
field of aviation for measuring the temperature and for 
determining the fuel-air ratio. In the first case an incased resistance bulb is placed in one of 
the arms of the bridge. The resistance of this bulb varies with heat changes encountered in 
the atmosphere and thus throws the bridge out of balance. In the second case coils exposed 
to the exhaust gas are included in the bridge. The variation in the percentage of carbon dioxide 
causes a variation in the heating of the wires and hence in resistance that throws the bridge 
out of balance. The leaner is the fuel-air mixture, the higher is the percentage of carbon dioxide 
in the exhaust gas, the greater is the heating, and the greater is the resistance. The richer 
is the fuel-air mixture, the lower is the percentage of carbon dioxide, the less is the heating, 
and the lower is the resistance. 



APPARATUS 

Wheatstone bridge (slide- wire type); galvanometer; resistance box; dry cells; nichrome wire 
No. 30, nichrome wire No. 28, German silver wire No. 30, copper wire No. 30; and any other 
material of unknown resistance. 


PROCEDURE 

Set up a Wheatstone bridge of the slide-wire type with Weston galvanometer, resistance box, 
dry cells, and nichrome wire No. 30 for X as shown in the accompanying drawing. Observe 
that this bridge contains a wire, ab, of uniform diameter, 100 centimeters long. To balance 
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4 

the bridge, move the terminal k along the wire until the galvanometer reads zero. Subslitiifii 
the lengths a and 6 for Ri and Ri in the Wheatstone bridge equation, and use the equation a 

follows : X = Remove the 10-ohm plug from the resistance box. With te rmina l ^ toupV» 



the wire ab m the center, or at the 50-centimeter point, and shift the terminal to the right 
or to the left as necessary to make the galvanometer read zero. If you need to move the ter 
minal far, remove sufficient plugs from the resistance box to enable you to secure the zero 
reading without moving the terminal far from the center. What is the value of the resistance 

plugs removed? ohms. Hold terminal k at the right point on the wire to secure 

the zero reading on the galvanometer and measure in centimeters the lengths of both a and 6. 

What is the length of a? centimeters. What is the length of 6? 

centimeters. Enter your findings in the second, third, and fourth columns of the following table. 

Find the resistance X of the nichrome wire No. 30 by substituting the length of a in centi- 
meters for ai, the length of b in centimeters for br, and the value in ohms of the plugs removed 

from the resistance box in the equation X=^\ What is the resistance of the nichrome wire 

• ohms. Enter your finding in the fifth column of the table. 

Repeat the experiment, using nichrome wire No. 28 in place of nichrome wire No. 30 
Remove plup from the resistance box as necessary to obtain a reading of zero on the galva- 
nometer without moving terminal k far from the 50-centimeter point of the scale. What is the 

value of the resistance plugs removed? ohms. Measure in centimeters the 

lengths of a and b. What is the length of a? centimeters. What is the length 

centimeters. To find the resistance, substitute found values in the equa- 

ciR 

tion X= ^ as before. What is the resistance of the nichrome wire No. 28? 

ohms. Enter your findings in the appropriate spaces of the table. 

Repeat the expenment, using German silver wire No. 30. Adjust the resistance as before 
to obtain a reading of zero on the galvanometer without moving terminal k far from the 50-centi- 
meter point on the scale. What is the value of the resistance plugs removed? 

ohms. What is the length of a? . . centimeters. What is the length of hi 

centimeters. According to the.se findings, what is the resistance of tlm German silver wire 


No. 30? 


ohms. Enter your findings in the table as before 
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jtepeat the experimrat, using copper wire No. 30. Adjust the resistance to obtain a read- 
ing of zero without moving terminal * from the center. What is the value of the resistance 


plugs rei 


II 


oved? 


ohms. What is the length of o? 


centimeters. 


What is the length of 6? centimeters. What is the resistance of the copper 

wire No. 30? ohms. Enter your findings in the table. 


Repeat the experiment, using any material of your own choosing suited to the purpose 
and enter your findings. 


Conductor 
Tested ! 

1 

Value [ ohms ) of 
Resistance Plugs 

(Ra) 

Length of 

a ( cm .) 

Length of 

b [ cm .) 

Resistance (X) 

OF Conductor 

1 

Nichrome No. 30 

1 

1 



1 

I 

Nichrome No. 28 

1 

1 

1 

t 

1 

1 

1 

1 

Gennan silver No. 30 | 

1 

! 

1 

» 

1 

1 


Copper No. 30 

1 

4 

1 

1 

1 

t 

) 


1 

Other material 

1 

1 

1 

^ t 



CONCLUSIONS 

1. What is the equation for the slide-wire type of the Wheatstone bridge? 


What does each letter represent in the equation? 


2. Why can the length of a be substituted for the resistance of a and the length of b for the 
resistance of 6? 


3. Why does no current flow through the galvanometer when the bridge is balanced? 



13 


4. Why is the Wheatstone bridge method of finding resistance more : 
meter-ammeter method? ; 



PRACTICAL APPLICATIONS 

1. In the manufacture of what electrical equipment do manufacturers use the Wheatstone 
bridge for measuring resistance? ; ; 


2. How is the Wheatstone bridge used in aviation in determining the temperature of the 
atmosphere? 


3. How is the Wheatstone bridge used in aviation in checking the fuel-air ratio? 


18 « 



Class Pbwod 


.Date 


Name 


EXPERIMENT FORTY-EIGHT 

Effect of Temperature on Resistance 

How does a change in temperature affect the resistance of tungsten and carbon? 

References: Industrial Electricity, Part I. by Chester L. Dawes, pages 

l0“l I 

Industrial Electricity, by William H. Timbie, pages 97-104 
Science for the Citizen, by Lancelot Hogben, pages 677-678 

Introdwtim. The relation between temperature and resistance is a very important factor in 

the mamJacture use of electric^ devices. The resistance of metallic conductors, such as 

copper, steel, and l^d, increases with an increase in temperature and decreases with a decrease 

in temperature The r^istance of certain nometallic materials, such as carbon, glass, and 

porcelain, on the other hand, decreases with an increase in temperature and increases with a 

decrease in temperature. For this re^on great care must be taken in choosing materials for 

conductors, some materials being suited to one kind of device and some to another just as 

tungsten is suited for the filament of an incandescent lamp. The rate at which the resistance 

of a material changes per ohm per degree change in temperature is known as the temperature 

coefficient of resistance of the material. In this experiment you will use electric lamps to test 

the effect of temperature upon the resistance of carbon and tungsten. In the first part of the 

experiment you will maintain a low temperature in the filaments of the lamp by connecting 

the lamps in series; and in the second part you will maintain a high temperature in the filaments 
by connecting the lamps in parallel. 

APPARATUS 

Lamp board with four receptacles by which lamps may be connected both in series and in 
parallel; 100-volt 32-candle-power carbon lamp; 50-volt 16-candle-power carbon lamp; 60-watt 
Mazda lamp; 40-watt Mazda lamp; ammeter (A.C. or D.C., depending on current); and 
voltmeter (A.C. or D.C., depending on current). 

PROCEDURE 

Resistance of relatively cold lamp filaments. Set up the lamp board with the 100-watt car- 
bon lamp, 50-watt carbon lamp, 60-watt Mazda lamp, and 40-watt Mazda lamp connected 
in series, as shown in the drawing. Place the ammeter between the line terminal and the 

lamp board and take the reading of the ammeter. What is the reading? amperes. 

Observe that this reading remains constant throughout the experiment. Connect the volt- 



meter across the lamps one after another and take the readings of the voltmeter. What i 


IS the 


voltmeter reading across the 100-watt carbon lamp? volts. What is the reading 

across the 50-watt carbon lamp? volts. What is the reading across the 60-watt 

, ^ffV— . What 

^he reading across the 40-watt Mazda 

source (CQ) \ — 

o7 J 1 I lam^p? volts. Connect the 

*— — 1 X X 1 1 I across all the lamps and take the 

current I I I reading. What is the readino- anrrtc-c* r^n XT-- 




1 1 1 1 volts. Enter the 

I I ( I ammeter reading in each space of the second 

L I column of the following table to show that the 

Series reading is uniform; and enter the voltmeter 

Find the t^ietanee o, each lantp cohnectSlrL^LV— Z" tt! 

titles in the following equation : Resistance = foil of potential rp E ^ 

. ,, . . . , current ^ T‘ same manner 

umn ■" Enter your findings in the fourth col. 


Lamps 


100-watt carbon 


50-watt carbon 


Current (/) 
IN Amperes 


Fall of Potential 
{E) IN Volts 


Resistance (JR) 
IN Ohms 


60-watt Mazda 


40-watt Mazda 


AH lamps in ser ies I j i 

Resistance ot hot lamp filaments. Set un thp Tnmrt Krao..,] vi, u-i. 

the the voiLeJeor:^ in « 

wmng and take the reading of both the ammeter and ™?meten Uariftte^lmmeto^d-' 
ing? . . . ..... amperes. What is the voltmeter reading? volt. Fnf^r 

these readings in the second and third cnlnmncr vrao., <-• i ^ volts. Enter 

the 100-watt carbon lamp, and replace it sue- ^P^ctively of the following table. Remove 
cessively with the 50-watt carbon lamp, 60- 

watt Mazda lamp, and 40-watt Mazda, source C\3 I 1 

T ake the ammeter reading and th e vol tmeter oT 1 1 1 1 1 ] 

reading in each instance and enter the read- rUISn rJk A A 

mgs in the table. Finally connect all the ^ W (V (V W O j iRJ 

lamps in parallel and take the ammeter I I I | | I 

reading and voltmeter reading. Enter the ' 1 

readings as before. Pa r a 1 1 e I 
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,C«r.pnte the redetaece for each lamp and the combined resistance of the lamps by sub- 
stituting found quantities in the equation : Resistance = potential e 
findings in the fourth column of the table. current / • Enter your 


Lamps 

Current ( I ) 

IN Amperes 

Fall of Potential 
( E ) IN Volts 

Resistance ( R ) 

IN Ohms 

yO-watt earbon 


j 


60-watt carbon 



1 

60-watt Mazda 




40-watt Mazda 

i 


— 

All lamps in parallel 



- 


CONCLUSIONS 

1. According to this experiment, which material provides the greater resistance at low tern- 

perature, carbon or tungsten? 

2. Which material provides the greater resistance at high temperature, carbon or tungsten? 


3. Which carbon lamp offered the greater resistance at low temperature? 

Which offered the greater resistance at high temperature? 


4. Which tungsten lamp offered the greater resistance at low temperature? 

Which offered the greater resistance at high temperature? 


5. Why were the filaments of the lamps heated more when the lamps were connected in parallel 


than when they were connected in series? 



How did the resistance 


across all the lamps connected in series compare with the resistance 


across each lamp separately? 
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1 


7, the resbfance acroBS aU die lamps connect^ 



across each lamp separately? 


• * • 




PRACTICAL APPLICATIONS 

1. Mention sevoral electric heating devices that are concerned with the relation between 
tonpefature and resistance. 


2. Why is the ignition system of an automobile supplied with a fuse? 



3. What purpose does a circuit breaker serve on an electric streetcar? 



4 . How is the process of electric welding dependent on the relation between temperature and 
resistance? , , 
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Date 


Name 


^EXPERIMENT FORTY-NINE 

Simple or Primary Cell 

Upon what factors does the electromotive force of a simple cell depend? 

References: IndMl Electricity, Part I. by Chester L. Dawes, pages 

Ow~69 

Industrial Electricity, by William H. Timbie, pages 480-488 
Science for the Citizen, by Lancelot Hogben, pages 637-640 

Mroduction. The dectromotive force, or the e.n,.f., of a simple or primary cell is its capacity 
for producing e wtncal pressure or potential difference in a circuit. The cell derives the caS 
by chemical Mtion in whiA a proc^ known as ionization occurs. The essential parts of a ceU 
are two meW plates called electeodes and a liquid known as an electrolyte. One plate is made 
of one metal such as zinc, and the other of a different metal, such as copper. The electrolytl 
IS usi^ly a ihlute solution of acid, as sidfuric acid, that acts on one of the plates more than on 

‘ a':? rn u ?' P'oto h Positive charge 

and tee oteer a negative charge. The plate which is attacked most is given the negative ch^ 

and the other a piBitive charge. When zinc and copper are used as the electrodes and a solm 

tion of sulfunc acid as the electrolyte, the acid attacks the zinc more than the copper. The 

Zinc molecules and the sulfunc acid molecules break up and form a different compound known 

as zinc sdfate. In this proems electrons are left behind at the zinc plate and the plate becomes 

negatively charged. The hydrogen atoms which are released when the sulfuric acid molecules 

break up move to the copper plate and take electrons away from the copper, causing the plate 

to be positively charged. When the hydrogen atoms obtain these electrons, they become 

neutral atoms and form bubbles of hydrogen gas at the copper plate. 

APPARATUS 

Glass timbler; porcelain top for tumbler; strips of amalgamated zinc, unamalgamated zinc 
copper, iron, carbon, lead, and aluminum; low-reading voltmeter; and dry cells. 

PROCEDURE 

The principle of the celL Assemble a simple 
cell as shown in the drawing, using strips of 

unamalgamated zinc and copper for the elec- 
trodes and a weak solution of sulfuric acid for 
the electrolyte. Connect a low-reading volt- 
meter to the terminals of the cell to deter- 
mine the potential difference of the elec- 
trodes. What is the reading of the voltmeter? 

volts. Connect the zinc and 

copper strips by laying an iron conductor 
across the top. Notice that bubbles form at 
both electrodes, but principally at the copper 

el^^ode. The bubbles at the zinc plate are caused by local action which occurs as a result of 
the impurities in the zinc. The bubbles at the copper plate are caused by polarization, or a 
coating of the copper plate with hydrogen. Remove the iron conductor from the top of the 

cell and take the voltmeter reading again. What is the reading? volts. The 

Dynamic Physics References: pages 534-542 
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I 



diflference between this reading and the first 
tromotive force of a cell. 


reading shows how 


polarization reduces the elec- 



acm as the electrolyte. Place the electrodes cli^e togetherTndlaTe tte 
the voltmeter. What is the reading? volts. Place the electrodes farther apart 

o' a>0 voltmeter. What is the reading? volts Accordie. 

to these readings how would you say that the distance between the electrodes affects^hf 


electromotive force of a cell? 




• • 




on electromotive force. Use the same cell arrangement as beW 
except that you immerse each electrode only one centimeter deep in the electrolyte. What is 

the reading of the voltmeter? volts. Immerse each electrode almost completely 

m the el^troljje. What is the reading of the voltmeter? volts Accordinv to 

these readings how would you say that the size of the electrodes affects the etctromotTve fome 


of a cell? 


• • • 


• • 


■ • a ■ 


• • • a 


1 ^ force. Assemble a simple cell, using sulfuric 

c d as the electrolyte and the following combinations of electrodes in succession : amalgamated 

S H amalgamated zinc and copper; lead and carbon; amalgamated zinc and lead- 

lead and copper, amalgainated zinc and aluminum. Observe the voltmeter reading in each 
instanc6 and 6nt6r the readings in the following table i 








Amalgamated 
Zinc and 
Carbon 

Amalgamated 
Zinc and 
Copper 

Lead and 
Carbon 

Amalgamated 
Zing and 
Lead 

Lead and 
Copper 

Amalgamated 
Zinc and 
Aluminum 




i 




According to the foregoing results, which combination of materials produces the greatest 


electromotive force? . 


According to the same results, which combination produces the least electromotive force? 


of .karolyl. on olo«,on,ohVo force. Assemble a simple cell, using a strip of amal- 
gamated zinc and a strip of copper as the electrodes and a solution of sulfuric acid as the elec- 


trolyte. What is the voltmeter reading? 


volts. 
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Assemble a cell using the same electrodes as before and a strong salt water as the electro- 
lyte. What is the voltmeter reading? volts. According to this experiment, 

which liquid makes the better electrolyte? 

tffwt of connections on electromotive force. Connect a voltmeter across each of three dry cells 

and take separate readings. What is the electromotive force of the first cell? 

volts. What is the electromotive force of the second cell? volts. What is the 

electromotive force of the third cell? volts. By means of low-resistance wires 

connect the three cells, place a voltmeter across the cells, and take the voltmeter reading. 

What is the reading with the cells connected in series? volts. By means of low- 

resistance wire connect the three cells in parallel and take the voltmeter reading. What is the 

reading with the cells connected in parallel? volts. According to this experiment, 

which arrangement of cells results in the greater electromotive force? 


CONCLUSIONS 

1. According to this experiment, what effect did changing the distance between the electrodes 

♦ 

have on the electromotive force of the cell? 


2. How did changing the size of the electrode affect the electromotive force of the cell? 


3. How did changing the materials of which the electrodes were composed affect the electro 
motive force? 
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i. c*«n8ing the Kquid used as im dtetrolyte aflfert th^ _ 


% e 


• « 


* % 


• • • 


« • 


5. How did changing the wiring affect the electromotive force? 




a « 




« % 






PRACTICAL APPLICATIONS 


1. Why fa choice of materials for electrodes of great importance in bnilding a simple cell? 


» • • 




• • 


2. Why fa the choice of liquid for the electrolyte of great importance in building a simple cell? 


• • 


• • 


• « • 




• • 




• • • 


3. Why must the electrodes not touch each other in a cell? • 


• • 




• • • 




4. What impression would you gain of the effectiveness of a cell it you observed great polari- 


zation? 


• • * 


• • • ■ 






5. TOy does a galvanised roof or fence deteriorate rapidly when the galvanized coating is 


coating IS 


broken? 




■ * • • • 


■ • 


* « 


» » 


• « 




• • 
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Date 


Name 


experiment fifty 

Electrolytic or Secondary Cell 

What happens when an electric current passes through a liquid conductor? 

References: Industrial Electricity, Part I, by Chester L. Dawes, pages 

87“88 

Science for the Citizen, by Lancelot Hogben, pages 456—463, 

689-693 

Introduction. A simple cell, as you have found, is a cell in which chemical action produces an 
electromotive force. An electrolytic cell is a cell in which an electromotive force produces chem- 
ical action. Because of this difference, the simple cell is frequently called a primary cell and the 
electrolytic cell a secondary cell. The essential parts of an electrolytic cell are two electrodes 
Md an electrolyte. The electrode connected with the positive terminal of an outside circuit 
is known as the anode, and the electrode connected with the negative terminal of an outside 
circuit is known as the cathode. The current enters the cell through the anode and leaves 
through the cathode. As the current passes through the cell, it produces a decomposition of 
the electrolyte known as electrolysis, in which ions pass from one plate to another. One of the 
principal uses of electrolysis is electroplating, or the coating of an object with a metal, such 
as copper, silver, or gold. This experiment will show how electroplating takes place. 

APPARATUS 

Battery jar; two copper plates, 5 inches by 4 inches; two strips of wood to support the plates; 
rheostat or resistance box; ammeter; trip scale; dry cells or storage battery; and copper sulfate 
solution made from 300 grams of copper sulfate, 2,000 cubic centimeters of distilled water, 
100 cubic centimeters of sulfuric acid; and 100 cubic centimeters of alcohol. 

PROCEDURE 

Fill a battery jar about two-thirds full of copper sulfate solution. Attach a copper plate to a 
strip of wood and suspend in the copper sulfate solution to serve as an anode. Connect the 
plate with the positive terminal of the dry cells or storage battery and place a rheostat or re- 
sistance box and an ammeter in the line. Clean a second copper plate with sandpaper and weigh 

the plate in grams on a trip scale. What is the weight? grams. Attach the plate 
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suspend in the copper sulfate solution to serve as a cathode. Connec 

allow the ^ storage battery. Close the switch ani 

the current to flow through the ceU for a period of 10 minutes. Adjust the rheostaU 

nec^^ to keep the ammeter reading constant. What is the reading? 

“^po^bnut off the current, remove the cathode from the copper sulfate soluVin^' 
detach from toe wood strip. Rinse toe catoode with both water Z alcXt ^ ^efrflTy 

and w^h in grams on the trip scale. What is its weight? crams 

«ngu«J waght from this weight to determine the weight of the copper depoSn tSeSrfe 
What is the increase in weight? grams. 

deoorfr^ ®^fictrochemic^ equivalent of copper, or the number of grams of Conner 

grams by the ammeter reading and divide the quotient by 600 (the number of seconds^n 10 
niinutes). What is the eleetmphpminQi 


CONCLUSIONS 


or 


1. In electroplating, the 

of toe metal with which the object is to be plated. 

2. The object to be plated must be placed at the 
electrode. 


electrode must be made 


or 


3 


4 


In this experiment, the copper coating was formed by positive copper 

which moved to the pjate. 

The electrochemical equivalent of a metal refers to the number of grams 
deposited per npr 


of the metal 


PRACTICAL APPLICATIONS 

1. Mention certain objects that are coated with metal by means of electroplating 


• • 




• t 




• • » 




2. How is electroplating used in making plates for printing? 


« » • • 


• ■ 


» 4 


• « • 4 


» « 




3. How IS electroplating used in making phonograph records? 



Class Period 


Date 


Name 


^EXPERIMENT FIFTY-ONE 

Electric Power and Energy 

What is the relative cost of operating ordinary electrical devices? 

References: Industrial Electricity, Part I, by Chester L. Dawes, pages 

34-37 

Industrial Electricity, by William H. Timbie, pages 60-71 
Science for the Citizen, by Lancelot Hogben, page 684 

Introduction. The average home is equipped with a variety of electrical devices, such as incan- 
descent lamps, iron, toaster, hot plate, and electric motor. These devices use varying quan- 
tities of electrical ener^ , but, since the electric meter shows only the total quantity of energy 
used over a period of time (usually a month), a householder generally knows little about the 
cost of operating the devices separately. In this experiment you will determine the relative 
individual cost of using various lamps and other electrical devices. 

In order to arrive at the cost of operating an electrical device, you need to consider the 
electric power concerned. The umt of power is the watt, which you find by multiplying the 
fall in potential, or volts, by the quantity of electricity flowing per second, or amperes. In 
other words, if E represents voltage and I represents amperes: Watts = £77. Electric companies 
in selling electricity use watts only in arriving at other units, known as kilowatt-hours, on 
which they base their charge. Instead of the watt for a second of time, as indicated above, 
they use a watt for an hour of time, or a watt-hour. A watt-hour is one-one-thousandth part 
of a kilowatt-hour. The relationship of kilowatt-hours to voltage, or E, to current or 7, and 

to hours, is expressed in the following equation : Kilowatt-hours = 

APPARATUS 

Lamp board with four receptacles which may be connected in parallel; voltmeter, ammeter; 
100-watt gas-filled Mazda lamp, 60-watt vacuum Mazda lamp, 40-watt gas-filled Mazda lamp, 
100-watt carbon lamp, 50-watt carbon lamp, electric iron, electric toaster, electric fan, and 
any other electrical device, such as carpet cleaner or hot plate. 

PROCEDURE 

Set up apparatus as shown in the accompanying drawing, using either alternating (A.C.) or 
direct current (D.C.). If alternating current is used, use an A.C. voltmeter and an A.C. am- 
meter, and if direct current is used, use a D.C. voltmeter and a D.C. ammeter. Place a 100- 
watt Mazda lamp in one of the receptacles and read both voltmeter and ammeter. What 

is the voltmeter reading? volts. What is the ammeter reading? 

amperes. Enter these readings in the second and third columns of the following table. Remove 
the 100-watt Mazda lamp and place in the receptacle successively a 60-watt Mazda lamp. 


voltmetet- 
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succes^v \ instance and enter the readings in the tab: 

ncal device of yonr own choosing. Take both the voltmeter aid ammZ^ 
the readings as before. What do vou ohsprvp oKmif < 


« • 


» » 


• • 


What do you observe about the ammeter readings? 


» • 


• » 


4 • 


• • 


f anbstituting'the voltmeter reading'for E and the 

.eto^g for /.n the equation: Watts=E/. Enter your findings in thf foiLth cduLn 


ammeter 
of the table. 


used 


Calculate the kilowatt-hours of electricity 
y e devices by substituting the voltmeter reading for E, and ammeter reading for 7 ^ 

and 1 for hour in the ea nation: Kilnwnff.Vtmirw-^X-^X hours 

column of the table. 1000 ' Enter your findings in the fifth 


per Mo^ hour ^ ^ of electricity. What is the cost? 

bv Z J comber of kilowatt-hours used by each device in your ist 


Device 

Voltmeter 

Reaping 

Ammeter 

Reading 

Watts 

Kilowatt- 

Hours 

Cost per Hour 
OF Operation 

110-watt Mazda lamp 






60-watt Mazda lamp 






40-watt Mazda lamp 






100-watt carbon lamp 



1 


1 

50-watt carbon lamp 






Electric iron 






Electric toaster 






Electric fan 






Other electric device 







From a practical standpoint, the efficiency of an electric lamp depends upon how much the 
lamp coste per candle-power hour, rather than upon how much the lamp costs per kilowatt hour, 
because the candle-power hour takes into account the intensity of illumination. The table on the 
follovnng page shows the rated candle power for each type of lamp that you have used in the 
experiment. Comp ete the table by entering the cost per hour for each lamp in the second 
column and then calculating on the basis of these figures the cost per candle-power hour. Enter 
the cost per candle-power hour in the last column of the table. 
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Lauf 


HMMratt Mazda 


<M.watt Mazda 


40 -watt Mazda 


10(Mrott carbon 


60-watt carbon 


Cost per Hour 
OP Opejration 


Rated Candle Power 



133 


45 


1 

32 


32 


4 

16 


Cost per Candle- 
Power Hour 


CONCLUSIONS 

1. What do you understand by electric power? 


What is the unit of electric power? 

2. How is the unit of electric power determined? 


3. How is the watt-hour used in determining the cost of electricity? 


4. Arrange in order of cost, beginning with the most expensive, the various lamps that you 

tested in this experiment? 



Arrange in order of cost to operator, beginning with the most expensive, the electrical 
devices that you tested aside from the lamps 


« • • 
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PRACTICAL APPLICATIONS 


1. According to your findings m this experiment, how would you explain why Mazda lamps 


rather than carbon lamps are used in lighting a home? 




2. Why is the cheapest lamp often not the best lamp to use? 


• « • 


• • • 


3. On the basis of this experiment, how would you compare the relative cost of using an elec- 


trie heating device and an electric device containini^ 


a motor? 




4. How would you arrange various home electrical devices, aside from the devices tested in 
this expenment, on the basis of quantity of electricity used, starting with the largest? 


5. How does this experiment suggest a reason for practicing conservatism in the use of elec-, 

iricity? 
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OuubF 


UOD 


Name 


^experiment fifty. two 

Heat Equivalent of Electrical Energy 

How mock elecrkd energy is consumed in producing one uni, of heo, energy? 

References: Indm^l ElearidI,. Pan I, by Chester L. Dawes, pages 

Indmlricl Eleclridt,. by WilUam H. Timbie, pages 71-84 
Science for the Citizen, by Lancelot Hogben, pages 684-689 

Introduction. Frequently you have observed that energy is changed from hop fnrm tr, .i. 
Whenever a change occurs, each unit of the original ener^ vi*pMc o ^ ^ another. 

new energy unit called the equivalent value. When electrical energv is chanw?- 
Me. This unit depends on the faU of potent (volS 

llojmg per second (amperes), and the time during which the current flows (seconds). T^uam 

energy formed from electncal energy is the calorie. A calorie is the heat enlgy reared to 

^electncal eneiy for the same reason that heat energy is produced hy mechanical enerS- 
TOenevw m electnc current flows through a conductor, friction occurs, the friction in this 
l^ce bang taown as resistance. The part of the current which is used in overcoming re- 
sistoce IS transfomed into heat energy. Some conductors, as you have found, offer greater 
resistace than othera, and hence under similar conditions generate more heat than othas. In 
electnc heating devices, such as an electric iron or electric toaster, conductors are used that 
offer great resistance and hence convert much of the electrical energy into heat. 

APPARATUS 

Double-walled calorimeter with electric heating unit; voltmeter; ammeter; lamp board with 

receptacles for connecting lamps in parallel; 100-watt 32-candle-power carbon lamps; trip 
scale; and thermometer. 


PROCEDURE 

Weigh in grams the inner vessel and the electrical heating unit of 


the calorimeter. What is the weight? grams. Mul- 

tiply this weight by .095, the specific heat of copper, to obtain 
the water equivalent of the inner vessel and heating unit. What 


IS the water equivalent? grams. This equivalent 

IS slightly erroneous, since parts of the heating unit are not 
fflade of copper, but the error is so small that it may be ignored. 
ul the inner vessel nearly full of water and find the combined 
weight in grams of the water, inner vessel, and heating unit. What 


is the combined weight? grams. From the combined 

weight subtract the weight of the inner vessel and heating unit 
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Now f n grams. 

e weight of the water the water equivalent of the inner vessel and heating unit. 

water grams. This sum you will consider as the total weight of the 

of th?lXw apparatus, as shown in the drawing, by connecting in series the heating unit 

^ voltmeter, and ammeter. Also, in case llO-volt alternating or St 

ClUTGUt IS tlSfiH- TilsiPO in /mia r\^ 4'V»rfi «« a ?jt_ . 1 1 . . « 



ommeter 


thermometer 


stirrer 


voltmeter 


switch 


source 


of 


current 



calorimeter 


What 


temperate? Enter the temperature in the fifth column of the composite 

record. Close the switch and take the readings quickly of both voltmeter and ammeter. What 

is the voltmeter reading? volts. What is the ammeter reading? 

amper^. Enter the voltmeter reading in the second column of the composite record and the 
ammeter reading in the third column. Repeat the experiment 10 times and at the end of each 
tw^minute interval (or 120-second interval) stir the water, take the temperature of the water 
and r^d both voltmeter and ammeter. Enter your findings in the composite record as before! 
Why do you need to stir the water before taking the temperature at the end of each interval? 


Why do you need to read both the voltmeter and the ammeter at the end of each interval? 


Calculate the nuinber of joules of electricity used in each interval by substituting found 

quanriti^ in the equation: Joules = E7r. Use seconds rather than minutes for time, T. Enter 
your findings in the fourth column of the composite record. 

Find the incre^e in temperature for each interval by subtracting the temperature at the 
close of the preceding interval from the temperature at the close of this interval. Enter the 
incr6as6s in temperature in the sixth column of the composite record. 

number of calories of heat generated in each interval by multiplying the 
total weight of the water in grams (weight of the water plus the water equivalent) by the in- 
crease m temperature. Enter the number of calories generated in the seventh column of the 
composite record. 

Find the heat equivalent for each interval by dividing the number of calories of heat 

developed dunng the interval by the number of joules of electricity used. Enter your findings 
m the last column of the composite record. 

PYom the heat equivalents determined for the 10 intervals, find the average heat equiva- 

lent. If you have taken your readings and calculated correctly, the average equivalent should 
be 0.24 calorie, the generally accepted value. 
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COMPOSITE RECORD 



Electrical Energy 

Heat Energy 

Heat 

Equivalent 

Interval 

Volts 

Amperes 

Joules 

^ ^ — 




, Temperature 
Change 

' Calories 

Introductory 

readings 



X 


X 

X 


First 








Second 








Third 

1 



1 




Fourth 

1 


1 




• 

Fifth 

1 



1 

1 


Sixth 







Seventh 







Eighth 







Ninth 








Tenth 









CONCLUSIONS 


1. What do you understand by heat equivalent of electrical energy? 


2. What causes electrical energy to change into heat energy? 


3. What unit is used in measuring the electrical energy used? What 

unit is used in measuring the heat energy formed? 

4. What equation is used in determining the number of joules? 

5. What is the accepted value of the heat equivalent of electrical energy? 
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PtACTICAI. APPLICATIONS 

1. Why IS the heat equivalent of electricity an important consideration in designing electrical 

devices? . . . 



2. What produces the heat in an electrical device? 


3. How is the device arranged to concentrate the heat? 




4. ViThy does more heat form in a heaUng device than in an ordinary conductor? 

* 


-K Why would you expect a heating device to use relatively more electrical energy than an 
electric lamp? . . 


4 
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qiassFeriov 


Date 


Name 


4^experiment fifty. three 

Electromagnetism 

What factors affect the magnetic field about a conductor? 

References: Electricity. Part I. by Chester L. Dawes, pages 

Industrial Electricity, by William H. Timbie, pages 159-175 
Science for the Citizen, by Lancelot Hogben, pages 693-702 

Introd^tion. menever an electric current flows through a conductor, it produces a mag- 

region around the conductor. If a compass is brought into the region the 
north pole of the cornpass will be deflected from its northerly direction. If a vertical conductor 
is placed through a horizontal cardboard and iron filings are sprinkled on the cardboard the 
iron lUings m 1 airange themselv^ in concentric circles aboW the conductor, showing the 
direction of lines of force. These lines of force explain why the needle will be deflected when 
a compass is brought close to the conductor. The magnetic effect of a conductor is a very im- 
portant factor because it makes electricity useful in the world. Were it not for electromagnet- 
ism there could be no electric generators, by which electricity is produced, nor electric motors 
by which electrical energy is converted into mechanical energy for doing useful work. Neither 
could there be transformers, which are necessary for the wide distribution of electric current. 
Thus m this expenment you will explore one of the greatest principles in the field of electricity. 

APPARATUS 

Insulated copper wire, knife-switch commutator, reversing switch, dry cells, Gilley coil, resist- 
ance box, piece of iron, and magnetic compass. 


procedure 

Direction of efecfromagnefic lines of force about a conductor. Set up apparatus, as shown in 
the accompan 3 nng drawing, using about three feet of insulated copper wire on the side includ- 
ing the resistance box and only enough to make connections on the side including the dry 



cells. Elevate by means of supports the wire on the side including the resistance box so that 
you may hold a compass beneath the wire. Close the switch in such manner as to send a current 
from south to north in the wire. Place the compass below the wire and notice the direction 

in which the north pole points. What is the direction? 

Dynamic Physics References: pages 570-580 
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. Close the switch 



in such manner as to reverse the current, that is, to send it from north to south. In what 
diction does ^e north pole of the compass point? Repeat the — •' 


ment, holding the compass above the wire.Tn wiTt dhection does the nortT^ poLTht 


the current flows from south to north? In what direction does the north 

pole ^int when the current flows from north to south? 

a maim^a? ^ vertical position. Close the switch in such 

wire According upward in the wire and move the compass slowly about the 

wire. According to the movement of the needle, do the lines of force extend clockwise or 

coimterclockwise? .... - 4 . u 4 . 

ciirrpnf t j -V j Close the switch to reverse the 

current, that is, to send it downward in the wire. Do the lines of force extend clockwise or 

•• •: Test your findings by applying 

conductor is griped with the right hand with the thumb pointing in thedirection 
of the current, the fingers show the direction of the lines offeree in the magnetic field. 

Place the wire in a horizontal position, and close the 

• 4 - ^ degr^ in the deflection of the needle. If the deflection is more than 10°, remove 
suflRcient plugs from the resistance box to make the deflection less than 10°. What is the 

final deflection? Close the switch in such manner as to reverse the current. 


final deflection? Close the 


It from north to south. Wbat is the average of the two deflections? 
en the wire to form a loop around the compass and repeat the experiment to find the average 

deflection. What is the average deflection? Form two loops around the com- 
pass and then three loops. What is the average deflection with two loops? ; 


i According to your findings. 

what effect would you say the number of turns in a conductor has on electromagnetism? 



Wecf of the core on electromagnetism. Replace the plugs in the resistance box and reassemble 
the apparatus by substituting a Gilley coil (or any coil containing about 600 turns of No. 28 
copper wre) for the o feet of copper wire. Use only enough wire to connect the resistance 
box and Gilley coil with the dry cells in series. Place the compass beside the coil in such posi- 
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tion that its eas^^d-w^t line is in line with a line drawn through the coil. Observe that the 
coil is hollow; that is, the core is made up of air. Close the switch to send the current from 
south to north and move the compass along the east-and-west line until the deflection is 10® 
Reverse the current and note the deflection of the needle. What is the deflection with a core 

of air? ^^at is the average deflection with a core of air? Place 

a core of iron in the coil and repeat the experiment. What is the average deflection with a 

core of iron? According to your findings, which would you say makes the 

f 

better core, air or iron? 

Effect of current on electromagnetism. Using the same apparatus as before, decrease the cur- 
rent by taking the 10-ohm plug from the resistance box, and find the average deflection. What 

is the average deflection? Remove the 20-ohm plug and find the average deflec- 
tion. What is the average deflection? According to your findings, what effect 

does the strength of the current have on electromagnetism? 


Direction of lines of force about a coil. Using the same apparatus as before, place a card- 
board in a horizontal position around the middle of the coil by cutting a hole in the center of 
the cardboard. Sprinkle iron filings on the cardboard and close the switch to send a current 
from south to north. Move a compass around the coil over the iron filings to find out whether 


the coil has become an electromagnet. What do you find? 


In the following blank space, make a drawing 
of the lines of force as indicated by the iron filings. 
Use N and S to indicate the north and south poles 
of the electromagnet, and arrows to show the 
direction of the lines of force. 
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CONCLUSIONS 


1* When a current flows upward in a conductor, the lines of force extend , . _ ; 

**•*•••• 

when a current flows downward, the lines of force extend 


2. The strength of the electromagnetic field about a conductor 
number of turns in the conductor increases. 


as the 


3. An 


core produces a stronger magnetic field than a core of air 


4. The strength of a magnetic field increases as the strength of the current 


5. When a current flows through a coil, lines of 


form about the coil and 


it becomes an 


PRACTICAL APPLICATIONS 


1. How does an electric bill depend upon electromagnetism? 


2, How does electromagnetism play a part in sending telegrams? 


3. Why is a watch frequently injured when brought close to an electric generator? 


4. How does this experiment show that the compass of an airplane may be affected by the 
electric circuits of the airplane? . . ; 
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Class Period 


Date 


Name 


^E^PERIMENT FIFTY-FOUR 

Electromagnetic Induction by Cutting Lines of Force 

What happens when motion occurs between a conductor and a magnetic field? 

References: Industrial Electricity, Part I, by Chester L. Dawes, pages 

208-234 

Industrial Electricity, by William H. Timbie, pages 226-348 
Science for the Citizen, by Lancelot Hogben, pages 702-718 

Introduction. In the last experiment you found that, when an electric current passes through 
a conductor,^ it causes a magnetic field to form in the region of the conductor. In this experi- 
ment you will consider the reverse condition, how a magnetic field moving in the region of a 
conductor causes a current of electricity to flow in the conductor. Such current is formed 
when there is a relative motion between the conductor and the magnetic field; that is, when 
the conductor moves in the field or the field moves in relation to the conductor. The essen- 
tial factor is that the conductor must cut lines of force in the field, either by its own motion 
or by the movement of the field. The process by which a conductor takes on an electric cur- 
rent by cutting lines of force is known as induction. The principle of induction is especially 
important because it explains the operation of the electric generator, or dynamo, by means 
of which mechanical energy is converted into electrical energy. This machine, which depends 
upon an outside source of power, such as steam or falling water, is so built that either the 
conductor or the magnetic field rotates. This rotation causes the conductor to cut lines of 
force, and thus to take on an induced electromotive force which produces an electric current. 

APPARATUS 

Bar magnet, U-shaped magnet, coil of wire, sensitive galvanometer, and small copper rod. 

PROCEDURE 

Direction of current with a bar magnet. Set up the apparatus, as shown in the accompany- 
ing drawing, by connecting the terminals of a coil of wire with a sensitive galvanometer and 
placing a bar magnet in a vertical position over the center of a coil, with the south pole up 
and the north pole down. Leave the magnet stationary and notice that the reading of the 
galvanometer is zero. Move the bar either downward toward the coil or upward away from 
the coil and notice the galvanometer. What happens to show that a current flows through 

the wire? 


Leave the magnet stationary and move the coil 
either toward the lower end of the magnet or away 
from the lower end of the magnet. What happens 
to show that a current flows through the wire? 


Leaving the apparatus the same as before, 
move the north pole of the magnet downward 

Dynamic Physics References: pages 581-584 
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ng to the galvanometer, does the current in the coil flow clockwise or 

counterclockwise? 

• • • According to Ampere's right-hand 

rule, IS the north pole at the top or at the bottom of the coil? 

Does the north pole of the coil attract or repel the north pole of the magnet? 


• • 


coil. p'oic of the' magnet 'upward' from 'the 

Aceoromg to the galvanometer, does the current in the coil flow clockwise or counter! 


clockwise? 


According to Ampere’s rule, is the north pole 


of the coil at the top or at the bottom of the coil? 

Does the north pole of the coil attract or repel the north pole of the magnet? 


« • 




Which pole of 


and the poles of the bar magnet reversed,’ with the north po^ 

the south nolp downward toward the coil and then move 

the south pole upward away from the coil. In which direction does the current flow in the first 

instance, clockwise or counterclockwise? 

the coil is at the top of the coil? 

current flow in the second instance? Which 

w ■ u According to these findings and Lenz’s 

law, what relation exists between the field set up by the induced current and tL motion of 

the magnet? 


which direction does the 

pole of the coil is 




• • * • 


Direction of current with a U-shaped magnet. Set up the apparatus, as shown in the accom- 
panjnng Rawing, by connecting the ends of an iron rod with a sensitive galvanometer and 
plying the rod in a honzontal position between the poles of a U-shaped magnet, with the 
^les extending upward. Move the rod downward between the poles of the magnet and apply 
Fleming’s nght-hand rule to determine the direction of the induced electromotive force 

in the rod and the direction of the current 


galvanometer 



copper rod 


magnet 


flowing in the rod. This rule is as follows: 
If the thumb, forefinger, and middle finger 
of the right hand are extended at right angles 
to one another, and the thumb points in the 
direction of the motion and the forefinger in 
the direction of the magnetic field (from the 
north pole to the south pole), the middle finger 
points in the direction of the current. Move 
the rod upward between the poles of the mag- 
net and apply Fleming's right-hand rule 
again. Is the direction of the induced electro- 
motive force the same or reversed? 
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Reveree the direction of the magnetic field by reversing ^ 

^«t to Move the rod downward between the poles and then upwart**^ppWng 

FleiiiiM’s nght-hand rule in each instance as before. Is the direction of the induct So- 

motive force the same or reversed? A ri* 

to these findings, upon what two factors does the direc'tion of an induced eiectoomotiW fo“e md 
induced current depend? 


farce. Using the same apparatus as before. 

move the rod downward between the poles of the magnet and observe the deflection of the 

rfe of the galvanometo. Inwease the strength of the magnetic field by placing a second 
g.shapcd magnet beside the first magnet with the like poles touching. Move the rod down- 
ward as before and observe whether the needle is deflected more or less than before. Accord- 
ing to these findings, what effect does the strength of a magnetic field have on the strength of 

an induced current? 


Remove the extra magnet, move the rod downward very slowly between the poles of the 
magnet, and observe the deflection of the needle of the galvanometer. Move the rod downward 
rapidly between the poles and observe whether the needle is deflected more or less than before. 
According to these findings, what effect does the relative rate of motion between the conduc- 
tor and the magnetic field have on the electromotive force? 


Move the rod downward at average speed 
between the poles of the magnet and observe the 
deflection of the needle of the galvanometer. 
Replace the rod with a coil of wire, as shown in 
the accompanying illustration, move the coil 
downward at average speed between the poles, 
and observe whether the needle is deflected more 
or less than before. According to these findings, 
what effect does the number of turns in a con- 
ductor have on the induced electromotive force? 
• 



CONCLUSIONS 

1. What do you understand by induction? 
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2. What rule may you apply to determine the direction of current induced by a bar magnet? 



****'**■*••*•••••., 

' * * 



3. What rule may you apply to determine the direction of current induced by a U^shaped 

wiagnet? 

• • • 

******'**•• 



4. What three factors determine the amount of eiectromotive force formed by induction? 


• « 


« • 


• • 


• » 


PRACTICAL APPLICATIONS 


1. How does the experiment show that some relation exists between magnetism and elec 


tricity? 


• « • 


2. How is induction a factor in the making of electricity? 


3. Why are ordinary magnets not used in the making of electricity for commercial purposes? 


4. Why is it useful to convert mechanical energy into electrical energy? 
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Date 
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^EXPERIMENT FIFTY-FIVE 


Electric Generator 


How does an electric generator induce an electromotive force? 

References: Industrial Electricity, Part I, by Chester L. Dawes, pages 

208—234 


Industrial Electricity, by William H. Timbie, pages 226-348 
Science for the Citizen, by Lancelot Hogben, pages 702-718 

Introduction. In the preceding experiment you considered the principle of induction or the 
setting up of an electromotive force in a conductor by means of a magnetic field Induction 
takes place whenever a conductor cuts lines of force, either by its own motion or by the motion 
of the magnetic field. According to Lenz’s law, the induced curt’ent by its direction sets up 
a field that opposes the motion of the conductor or the magnetic field. In this experiment you 
will consider the electnc generator, or dynamo, which applies the principle of induction in the 
production of electricity. The essential parts of a generator are: (1) field magnet, (2) arma- 
ture, and (3) slip rings with brushes or split ring with brushes. The field magnet, which may 
be either a permanent magnet or an electromagnet (temporary magnet formed by the influence 
of an electric cuirent), sets up a magnetic field. The armature, which is a laminated iron 
core wound with insulated coils of wire, cuts lines of force in the magnetic field, either by its 
own motion or by the motion of the field. A generator produces one of two kinks of current: 
an alternating current or a direct current. In order to produce an alternating current, it must 
have slip rinp, special devices for transmitting the induced current to brushes connected 
with the outside circuit. In order to produce a direct current, it must have a split ring, usually 
called a commutator, for transmitting the induced current to the outside circuit. In per- 
forming the experiment, you will use a very simple generator from which you may determine 
what happens in a single revolution of the armature. 


APPARATUS 

St. Louis motor or simple machine that may be used either as a generator or as a motor, with 
both bar-magnet and electromagnet attachments for the magnetic field; and with slip rings 
for alternating current and a snlit ring or commutator for direct current. 


Generator with permanent mag- 
netic field. Alternating current. 

Set up the apparatus, as shown in 
the accompanying drawing, with a 
galvanometer attached to the ter- 
minals of the generator; bar mag- 
nets for the magnetic field; and 
armature with slip rings for alter- 
nating current. Place the bar 
magnets in the attachments with 
the north pole of the one and the 
south pole of the other in line with 
the terminals of the generator. 
Turn the armature so that it is in 
line with the terminals and hence 


PROCEDURE 


golvanometer 


magnets 



ormoture 


Dynamic Physics References: pages 584-593 
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with the polee of the magnet. Turn the armatee slowly clockwise through an an^e of IW. 
or until the ends are reversed. What happens to the pointer of the galvanometer? 


• • 


^atme. f^f '™t in tie 


is end a of the armature? 


What kind of pole is end 6? 


;ent always sets up a field' ihat 'ter^ t 


polarity agree with Lenz’s law? 


cur- 
does the 




quarte-tum and decreases during the second quite^ton A^ord^lo t3 a 
what IS the position of the armature with reference to the magnetic Hui of forw whcn”thc 


current is greatest, parallel or perpendicular? 


What is the 


position with reference to the lines when the current is the least? 

if **' 1 ° atmature clockwise through a second half-turn or from its reveraed uosition 
to Its original position. According to the deflection of the pointer of the gawISSTeto d<^ 

the current flow in the same or opposite direction^ 

According to Ampere’s right-hand rule, is end c of the armature a north pole'or a'south pole? 
^ ; What pole is end 6? 

that the current from the generator 'is an alternating cur- 
rent. What IS the position of the armature with respect to the magnetic lines of force when 

the current alternates, parallel or perpendicular? 


How many 

alternations occur in one revolution? 

Ret^n the armature to its reverse position, repeat the experiment, and from the deflec- 
tion of the pointer of the galvanometer determine the relative strength of the current at various 
positions. What is the position of the armature with reference to the magnetic lines of force 

when the current is greatest parallel or perpendicular? 

is the position with reference to the lines when the current is least? 

The drawing at the left represents successive positions of end a as the armature rotates 
clockwise between unlike poles of the bar magnets. What two numbers on the drawing show 

the positions of end a when the current changes direction? and 

What two numbers show the positions of end a when the current 

is greatest? and What two num- 

bers show the positions of end a when the current is least? 

and The drawing on the following 

page shows how the amount and direction of the current fall 
along a curve when they are plotted. The numbers on the hori- 
zontal line represent quarter-turn positions of end a during one 
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|i0volution of the armature. The perpendicular 
lines by their heights represent the amounts of 
current generated at relative positions. The part 
above the line represents the ciurent flowing in 
one direction and the part below the line the 
current flowing in the opposite direction. Was 
fhp armature parallel or perpendicnlar fo 



lagnetic lines of force at position 2? 


What was its position 


vsrith reference to the magnetic lines of force at position 3? 

rin. o, 

revolaaon. According to the pointer of the galvanometer, does the curreTrevrme Stan 
as before or does it flow continuously in the same direction? 


The current found in this instance is a pulsating current which resembles' the accompanying 
drawing when plotted. How does this drawing differ from the one representing 0116™^ 


current? 



fflcfors affecting the direction of cyrrent. Rotate the armature of the generator clockwise and 
then counterclockwise. What effect does reversing the direction of rotation of the armature 

have on the direction of the current as shown by the galvanometer? 


Rotate the armature clockwise and notice the direction of the deflection of the pointer, 
and then reverse the poles of the magnets and rotate the armature clockwise. What effect does 
reversing the poles of the magnets have on the direction of the current as shown by the gab 


vano; 


eter? 


affecting the strength of current. Rotate the coil slowly clockwise and observe the 
approximate deflection of the pointer of the galvanometer, and then rotate the coil rapidly. 
Judging from the difference in deflection, what effect would you say that the speed of rotation 

has on the current? . 


• ♦ • • • 

Turn the attachments of the magnets so that the poles of the magnets move slowly away 
from the armature, and rotate the armature clockwise. Judging from the deflection of the 
pointer of the galvanometer, what effect would you say that the strength of the magnetic field 

has on the current? . . 



«o„ o, .e anna^ ^f-te^^’th^ltr^re 

parallel or perpendicular? . 

What IS the position with reference 

to the magnetic lines of force when the current is least? 

What is the position when the current reverees in direction? 

Qcmature go'^onomete 

electromagnet 



battery 
or dry cell 


cIocmS“ 'O'- with slip rings and rotate the armature 

clockwi^. Does the current reverse direction as before, or does it flow continuously in the same 


direction? 


induced current. Rotate the armature of the generator clock- 
s and then counterclockwise. What effect does reversing the direction of rotation of the 

armature have on the direction of the current as shown by the galvanometer? 


Rotate the ^ature clockwise and notice the direction of deflection of the pointer,' and then 
reverse the direction of the current from the dry cell and rotate the armature clockwise. What 
effect does reversing the current in the circuit have on the direction of the current as shown 

by the galvanometer? 


According to these findings, upon what two factors does the direction of an induced current 
depend^ 
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« ♦ r 

riia sfrmgfh ^ ifiduced cvrrenf. Rotate the coil slowly clockwise and observe 
the approximate deflection of the pomter, and then rotate the cofl rapidly. Which rotation pro- 


duces the stronger current? . . ; ; 

Rotate the coil at average speed clockwise and observe the approximate deflection of the 
pointer, and then place two dry cells in the circuit, and rotate the coil at the same speed. 


How does the extra cell affect the strength of the induced current? 


According to these findings, upon what two factors does the strength of an induced cuirent 
depend? 


CONCLUSIONS 

1. What are the essential parts of an electric generator? 


2. How does an alternating-current generator differ from a direct-current generator? 


3. What factors determine the direction of the induced cui'rent in a generator? 


4. What factors determine the strength of the induced current in a generator? 


5. How does a plotted alternating current differ from a plotted direct current? 
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PRACTICAL APPLICATIONS 


1. What kind of electricity is used 


m your community, alternating current or direct current? 
Where is the current produced? 


2. Wh, is far more altematiog cunent produced in the world than direct current? 


S. How U electricity produced at a hydroelectric plant? 



How does the electric generator of an automobile resemble the generator used in 
electricity for homes and factories? 


producing 


5. W hat kind of electric current is used in an airplane? 


* P 
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Nake 


^experiment fifty-six 

Electric Motor 

Why does the armature of an electric motor rotate? 

References: Industrial Electricity, by William H. Timbie, pages 349^09 

Science for the Citizen, by Lancelot Hogben, pages 698-701 

Introduction. The electric generator, as you have learned, is a machine in which either the 
armature or the niagnetic field rotates, causing an induced current to be set up in the armature. 
Thus you may think of the generator as a machine for converting mechanical energy into elec- 
trical energy. The electric motor, on the other hand, is a machine for converting electrical 
energy into mechanical energy.^ Since the motor merely reverses the operations of the genera- 
tor, the parts of the two machines are practically the same. The three essential parts of the 
electric motor are . (1) field magnet, (2) armature, and (3) either slip rings with brushes for alter- 
nating current or a split ring, or commutator, with brushes for direct current. The field magnet 
may be a permanent magnet or an electromagnet, the latter being far more extensively used. 
The armature consists of a laminated core of iron wound with coils of insulated wire. Slip rings 
with brushes enable a motor to use alternating current, in which case it is called an alternating- 
current motor. A split ring, or commutator, with brushes enables a motor to use direct current, 
in which case it is called a direct-current motor. A motor may be series-wound, with the field 
and armature connected in series; shunt- wound, with the field and armature connected in 
parallel; or compound-wound, with the two windings combined. In this experiment you will 
consider only a direct-current motor, first series-wound and second shunt-wound. 

APPARATUS 

St. Loms motor or simple machine that may be used either as a generator or motor ; with both 
bar-magnet and electromagnet attachments for the magnetic field; and with slip rings for 
alternating current and split ring or commutator for direct current. 

PROCEDURE 

Factors affecting rotation of the armature. Set up a St. Louis motor with armature, commu- 
tator or split ring, and bar magnets in place, as shown in the drawing. Withdraw the bar 
magnets and turn the armature so that it is in line with the terminals of the motor. Connect 



or commutator 


Dynamic Physics References: pages 593-596 
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Plad., a doable-anw awiteh or 

eighth o, a revolution, or through",:; 


tte araature. What kind of pole is end o? 


compass test the polarity of end a of 


«“'ZL° totSS”* ^ 

the « 01 e„d^. SS!: “tnStt 


Angle 45 


90 


135 


180 


225 


270 


315 


360 


Polarity of end a 


At what two points indicated by the degrees in the above table does the polarity change 


in one revolution? 


. What causes the polarity to change? 


• • « 


• • • • 


• • 


Open the switch and place the bar magnets in the motor with the north nole of tiiP ono 
magnet and the south pole of the other in line with the terminals Close Jhe s^tch and Z 
serve that the armature rotates. Does the armature rotate clockwise or counterclockwise? 

serve the effect upon the direction of rotation. In which direction doet t^e^ amSeTotate? 

through the armature from the outside circuit by 
In which direction does the armature rotate? 

According to these findings what two factors affect the direction of rotation of the armature? 


What happens when the two factors are applied at the same time? 


Judging from the foregoing results, how would you explain why the armature rotates? 
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Uri^-woynd motor. Replace the bar magnets with an electromagnet, and connect the field 

armature, and dry cells or battery in senes as shown in the drawing. Close the switch and 
observe the direction m which the armature rotates. Reverse the direction 


armature 



double-throw switch 
or commutator 

from the battery by closing the switch in the opposite direction and observe the direction in 
which the armature rotates. How can you account for the fact that the direction remains 


the same? 


Shunt-wound motor. Leave the electromagnet in place and connect the field to the armature 
in such manner that the current from the dry cell or battery divides, part going through the 
field and part through the armature. Close the switch and observe the direction in which the 
amatme rotates. Reverse the direction of the current from the battery and observe the 
direction in which the armature rotates. How does reversing the direction of the current affect 

the direction of rotation? 


Leave the connections with the dry cell or battery the same and reverse the field connections. 
How does reversing the field affect the direction of rotation? 


CONCLUSIONS 

1. How does an electric motor differ from an electric generator? 


2. How does an alternating-current motor differ from a direct-current motor? 
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». wi«t fecto ^ ^ annatm*? 

'**’*•••••*•••* 4 * 



4 . What is the difference between a series-wound motor and a shunt-wound motor? 


PRACTICAL APPLICATIONS 

1. Mention some of the ordinary purposes for which eieetric motors are used in your community 


« • 


• » 


2. Wh&t ordinary electrical devices in the home include electric motors? 


3. \Mien does the driver of an automobile make use of an electric motor in the automobile? 



L.nd6r wh^t conditions in ordinsry us6 is & series-wound 


motor preferable to a shunt-wound 


motor? 


6. Under what conditions in ordinary use is a shunt wound motor preferable to a series-wound 


II 


otor? 
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Glass Period 


Date 


Name 


experiment FIFTY-SEVEN 

Efficiency of an Electric Motor 

Under what conditions does an electric motor operate most efficiently? 

References: Industrial Electricity, Part I, by Chester L, Dawes, pages 

291-296 

Industrial Electricity, by William H. Timbie, pages 409-444 

Introduction,. Every electric motor is built to carry a certain load and operates most efficiently 
when carrjdng this load. If it carries a greater load or a lesser load than the load for which it 
was built, it loses efficiency. When a motor starts, a strong current flows through the arma- 
ture because the armature offers little opposition in the form of resistance. In a large motor 
this cu^ent may be strong enough to burn out the wiring in the armature. Therefore, as a 
protection, the motor is provided with a resistance device known as a starting box. Once the 
motor has taken on speed, the resistance is cut off because the armature develops opposition 
of ite own. Acting in the same manner as the armature of a generator, it sets up an electro- 
motive force known as the back electromotive force, which tends to cause a current to flow 
in the opposite direction from that of the incoming current. This back electromotive force 
opposes the incoming electromotive force, leaving only part of it, called the net voltage, to 

apply on the load. The greater the speed of the motor, the greater is the back electromotive 
force and hence the greater the speed the less the net voltage. 

APPARATUS 

Small 36-watt motor which operates on a storage battery or one-quarter horsepower motor 
which operates on 115-volt direct current; support rods; spring balances; ammeter; voltmeter; 
speed counter; strong cord; and clamps. 


PROCEDURE 

Set up the apparatus, as shown in the accompanying drawing, by placing a heavy cord round 
the pulley of a motor to serve as a brake and attaching the ends of the cord to suspended spring 
balances. Connect a voltmeter with the terminals of the motor and place an ammeter in the 
line supplying the current. Detach the brake cord and measure in feet the circumference of 
the pulley of the motor. n 

What is the circumference? (1 


feet. (If only 

one motor is available for the 
experiment, the instructor 
may take this and subse- 
quent readings and pass 
them along to the class.) 
Start the motor with the 
brake cord detached — that 
is, with no load on the pulley 
— and take the readings of 
both ammeter and voltmeter. 
What is the ammeter read- 


ing? 


spring balance 


voltmeter 



brake band 

\ 

motor 


me 


ca 





ammeter 


rm'WPMEiJ 


amperes. 


Dynamic Physics References: pages 597-598 
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What is tha voltmeter reading? n. 

noml« of reflations of the ,rna.tu;e for 'orie .SiSk » 

r.p jn. of the armature? ti. s. #. e. 

mder appropriate headings for tim fetiri^.* findmgs m the composite recoi 

pound “ suffldently to cause a difference of esaetly one-hs 

Pouod represen. the ioad ond^hr^rn.:ro^^!”Trih 

«.d f Itineto as before What is the anuneter reading? ^hat is tb 

'**''*”* means of the speed counter find the revolutioe 

^-^^.^pTre tTtte-fi”^^^ T“r ■ 

To determine '“r ‘‘■f Wol. 


ml, r? 46 r tte'nZSl; of Wat.' reguire^^ ou^ZiS^powl^mi 

pounds . 33,000, the number of footpounds required per minute for one ho. 
What is the ontruif? ttt^ ^ . 


, . , . — ^ ouuouLute lounc 

values m the equation: Efficiency = ^H^PHLi5_HP: What om • 

mput in HP. efficiency in per cent! 

for' the first tn^ “ “■® ®“"P“®“® ‘® '“-Ploto your findings 

Repeat the eiperiment, increasing the load one-half pound for each trial iinHl ta. i™j 

T r“' r^' ” “■® “®‘®® b-^y « dSiTad" 

trials in tht com'liiire r^“S “ '’®'"®’«"®^ ®® U"® a®®‘ «®1- Enter your findings for all 


ship? 


• • 


» • • 


• • ■ • 


anH ^ suitable scale and plot the relation between the output horsepower of the motor 

output horsepower and the vertical lines to represent the efficiency. According to yo5 
with what output was the motor most efficient? HP 


What was the 


load on the motor at this output? pounds. What was the speed of the motor at 

thjs output? r.p.m. Why was the motor most efficient with this output even 

though it could take a greater load? 
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COMPOSITE RECORD 


Trials 

Load in 
Pounds 

Ampesrss 

Volts 

R.P.M. 

Input 

HP, 

Output 

HP. 

Efficiency 

1 

None 







1 

1 

1 

2 

]4 







3 

1 

1 

1 





1 


4 

m 


* 


1 



5 

2 







6 




1 

1 

1 


7 

3 


1 





8 

314 

1 






9 

4 







10 

414 







11 

5 








CONCLUSIONS 


1. Why did the current required by the motor increase as the r.p.m. decreased? 


2. Why could you not determine the efficiency of the motor before you applied a load to the 
motor? 


3. Why did you need to determine both the input and output in horsepower in order to deter- 
mine the efficiency? 
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4 . In finding the input in horsepower, why did you need to divide the number of wntls by 746 ? 


In finding the output in horsepower, why did you need to divide by 33,000? 


5. Why must resistance be placed in series with the armature of a motor when the motor 
starts under a load? : . . 


PRACTICAL APPLICATIONS 

1. Why does the motorman on a streetcar turn the arm of a rheostat when he starts the car? 


2. Why does a streetcar always have a circuit breaker? 


3. Why does a fuse sometimes burn out when an electric motor is started in a home? 


4. Why does the starter of an automobile have a small back electromotive force? 
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Class Period 


Datb 


Namb 


experiment fifty-eight 

Electromagnetic Induction by Varying the Magnetic Field 

How may an eleefromotive force be induced in a conductor without perceptible motion? 

References: Industrial Electricity, Part I, by Chester L. Dawes, pages 

208-234 

Industrial Electricity, by William H. Timbie, pages 226—348 
Science for the Citizen, by Lancelot Hogben, pages 702—718 

Introduction, In previous experiments you have considered how an electromotive force is 
induced in a conductor when the conductor cuts lines of force either because of its own motion 
or because of the motion of the field. This principle explains how electricity is produced by the 
electric generator or dynamo, a machine with a rotating armature or rotating field. The opera- 
tion of this machine is relatively easy to understand because motion is involved. In this ex- 
periment you will consider how an electromotive force may be developed in a conductor by 
varying the magnetic field without visibly moving either the conductor or field. Two electrical 
devices that operate on this principle are the induction coil and the transformer. The induction 
coil is used in producing a high voltage of electricity, as required in the ignition system of an 
automobile. The transformer is used in stepping up and stepping down voltage, as required in 
transferring electricity from one location to another with a minimum of loss. Without the 
transformer electricity would be very expensive, and few people could afford to have electricity 
in their homes. 

APPARATUS 

Two coils, one to serve as a primary coil and the other as a secondary coil; iron core; galvano- 
meter; wiring; and dry cell. 

PROCEDURE 

Conditions necessary for setting up an induced electromotive force in a secondary coil. Set up 

the apparatus, as shown in the accompanying drawing, by connecting a coil, hereafter termed 
the primary coil, with a dry cell and placing a switch in the line. Connect a second coil, here- 



after termed the secondary coil, with the terminals of a galvanometer. Place the primary coil 
about two centimeters from the secondary coil, close the switch, which operation is known as 
“ the make,” and watch the galvanometer. According to the galvanometer, what happens in 
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the secondaor e„u at “the make”, ot the moment when you done the ewiteh? 

I«ve the switnh doeed for a ekort interral' of ’ Ume and wa» Does a 

current flow through the secondary cofl? , 

known an “the bnndc”. and watch the ^a.Vanometo. 't&’h'^prfn H 

at “the break”, or the moment when you open the switch? 

••••• a 

Why does a cunent flow in the secondary coil at the make and again at “the break"? 


Why does no current flow in the secondary coU while the switch is left dosed? 


• • 


« « • 


• $ 


efertr^ftVe tc,„ In a secoiufary toil. Trace the direction of the cur 

negative terminal of the cell. Close the switch and^ by means S th( 

the ^ drawing of an induction coil and placed arrow besid< 

primary coil and another beside the secondary coil to show the direction of the currents 

Do the currents flow around fhp nnila iri fVio .^v*. !«,. j-i fi _ -i* .• « 


Open the switch and trace the direction of currents in both 


™ and seconda^ coils At the right below make another dTa^Sirof an 
urrents. Do the currents flow around the coils in the same or in opposite directions? 


At Uie Make 


At the Break 


t 
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Amount of imhtud efecfromorive force in a sacam^nri# n ^ t>i 

the two coils and repeat the ejperinjent. observing the deflection of the pSto of 'to galva^ 

meter at both “make" arid “break”. Is to deflection greater or less than before? 


. What effect would you say that the core has on the strength of 


the induced electromotive force in the secondary coil? 


^ ^ n n ^ induction coil and connect two dry cells rather than one 

dry ceU with the pnmair coiL Rep^t the experiment and observe the deflection of the pointer 

of the galvanometer at both “make” and “break”. Is the deflection greater or Ie£ than 


before? 

of the current in the primary coil has 


: • What effect would you say that the strength 

on the induced electromotive force in the secondary coil? 


(3) Prepare a new secondary coil by wrapping fifty turns of insulated wire around one 
end of the iron core. Place the other end of the core through the primary coil so that the new 
secondary coU occupies approximately the same position as the original secondary coil. Con- 
nect the new secondary coil with the terminals of the galvanometer. Repeat the experiment 
and observe the deflection of the pointer of the galvanometer at both “make” and “break”. 
Increase the number of wrappings on the iron core to 100 and repeat the experiment. Is the 


deflection greater or less than before? What effect 

would you say that the number of turns in the secondary coil has on the strength of the induced 


current? 


CONCLUSIONS 

1. What are the two essential parts of an induction coil? ; ; ; 


2. Why is an electromotive force induced in the secondary coil only at “the make” and at 


“the break”? 


3. How can you account for the fact, which you may have observed from the experiment, 
that the induced electromotive force is greater at “the break” than at “the make”? 
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4. Why d<« as dhecaon of the induced electrontoave force in the eecondaty coil at “the 
make” differ from the direction at "the break”? 





' ’ 

5. What three factors determine the amount of the induced electromotive force in the eec^ 

ondarycoil? 

^ ^ ^ ^ ^ M m A ^ 



• • ^ ^ 



••••• m m ^ m m. 







Why is an induced electric 
a generator? . . . 


PRACTICAL APPLICATIONS 

current more widely used than a current coming directly from 


• • 


2. WTiy does the transformer help to make electricity reasonable in price? 


• « 


4 « » 



^Miy is the induction coil of 




an automobile essential to the operation of the ignition system 


of the automobile? : : 



How is the principle of induction by variation of the magnetic field 


applied in the telephone? 


o. How IS an induced electromotive force used in the microphone of a broadcasting apparatus? 
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Class Pbriod 


Date 


Name 


EXPERIMENT FIFTY-NINE 

Inductance 

How does the inductance of an electromagnet affect the flow of an alternating current? 

References: Essentials of Alternating Current, by William H. Timbie and 

Henry H, Higbie, pages 61-80 

Industrial Electricity, Part II, by Chester L. Dawes, pages 
41—55 

IntToduction. ^^enever an alternating current flows through an electromagnet, it meets two 
kinds of opposition, (1) the opposition of resistance which an electric current always meets in 
flowing through a conductor, and (2) the opposition of a back electromotive force which devel- 
ops in the coil of the magnet. This back electromotive force develops because of the variable 
nature of the alternating current, the back-and-forth motion of the electrons. The tendency 
of an electromagnet, as used in an electric motor or radio, to oppose the flow of an alternating 
current is known as inductance, and the opposition caused by inductance is known as reac- 
tance. Reactance, like resistance, is measured in ohms. The total opposition to an alternating 
current in a circuit including an electromagnet is known as impedance, but this total cannot 
be found merely by adding the resistance and the reactance, even though both forms of oppo- 
sition are measured in ohms. One method of finding the impedance in an electric circuit is 
to add the square of the resistance and the square of the reactance and extract the square 
root. A simpler method of finding the impedance in a circuit and the one which you will apply 
in this experiment, is to divide the applied voltage by the cxirrent. If Z represents impedance, 

E 

E applied voltage, and I current, the computation may be expressed as follows: Z=-j* 

APPARATUS 

Large ready-made electromagnet with removable iron core (if not available, a cardboard tube 
about 234 inches in diameter wound with No. 10 magnet wire may be substituted for the 
coil and suitable lengths of iron ware taped together may be substituted for the core) ; alter- 
nating-current ammeter; alternating-current voltmeter; lamp board with lamps; and switch. 

PROCEDURE 

Set up apparatus, as showm in the accompanying drawing, by connecting the electromagnet 
with the terminal wdres of some source of alternating current. Place an ammeter and lamp 
board in one of the terminal lines and a switch in the other. Arrange four or five lamps in 



Dynamic Physics References: pages 619-624 
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'. How much fa the voltmeter reading? volte. What fa 

toe ftounoter reArlinir? 

„ amperee. Divide the voltmeter reading by the ammeter 

to obtain the impedance. What fa the impedance’ u 

findings in the composite record. mpeoance ohms. 


one-fourth the length of the 


Enter your 


switch and obeerve the glow of the lampe. Ho;i^ Se groTToira^ 


preceding trial? 


compare with the glow in the 


« » • • 


• ft 


» ft 


How much is the voltmeter reading? 


• ♦ 


volts. What is the ammeter reading? 


amperes. How wUl you find the impedance? 


What is the impedance? ohms. 


« » « ft 


and 


Open the switch and place one-half thp findings in the composite record, 

otocrvc the glow of th^^rH^ “ X^rpr^ 


mg trial? 


« m 


• • 


• • 




♦ ft 


ft ft • * 


ft » 


ft ft 


How much is the voltmeter reading? volts 


• ft • 


What is the ammeter reading? 


before. 


amperes. What is the impedance? ohms. 


Enter your findings as 




the preceding trial? 


ft ft 


ft • 


ft ft 


ft ft 


How much is the voltmeter reading? volts. 


What is the ammeter reading? 


amperes. What is the impedance? nhTn<= PnfQv. , « 

Open the switch and place the full length of the core inside the coil'. Close theTwftch a?d 
observe the glow of the laraps. How does the glow compare with the glow in the p^ cedTng tTl? 


***** *• • *W**a««*aA 

How much i.s the voltmeter reading? volts. What is the ammeter reading? 

• amperes. What is the impedance? ohms. Enter your findings. 

completed the experiment and entered your findings in the composite 
record check your results by repeating the experiment in reverse order. In other words re- 
move the core one-fourth of its length at a time, take readings, and calculate the impedance. 

2H 



COMPOSITE RECORD 


Tbiai. 

Position of Core 

Potential 
Difference {volts) 

Current (/) 

(amperes) 

Impedance (Z) 

(o/ims) 

1 

1 

Entirely out 

1 



2 

inside 




3 

1 

1 

1 

inside 




4 

1 

^ inside 

1 



5 

Entirely inside 

s 

• 




CONCLUSIONS 


1. What do you understand by inductance? 


2. What is the difference between reactance and impedance? 


3. What simple method may be used in finding the impedance? 


4. Why can you not find the impedance by adding the resistance and the reactance? 


5. If you know the resistance and the impedance, how can you find the reactance? 
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6. Why did the lamps burn less and less brightly as yon put the iron core in the coil? 


• • V 




• » 




PRACTICAL APPLICATIONS 


1. Why does no reactance 


occur 


in a high-tension wire carrying an alternating current? 


2. Why does no reactance occur in a direct-current motor? 



Why is alternating current more widely used than direct current despite the fact that it 
meets the added opposition of reactance in a circuit containing an electromagnet? 


4. How does reactance occur in the operation of an electric bell? 


5. Why does reactance occur in the receiver of a telephone? 
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Class Period 


Date 


Name 


experiment sixty 


Power Factor 

What part of the electric power apparently used in an inductive circuit is true power? 

References: Essentials of Alternating Current, by William H. Timbie and 

Henry H. Higbie, pages 81-117 

Industrial Electricity, Part II, by Chester L. Dawes, pages 
63-73 


Introduction. Earlier you found that in the case of direct current you could determine the power 
by multiplying the volts by the amperes. In the case of alternating current you may use the 
same method, provided the current flows through a noninductive circuit, or circuit that con- 
tains no electromagnet. A circuit containing lighting and heating devices is noninductive. If 
a current is inductive — that is, contains an electromagnet, as a current that flows through 
a motor — the volts multiplied by the amperes indicates the apparent power rather than the 
true power. The true power is indicated by the reading of a watt meter connected with the 
circuit. The ratio of the true power to the apparent power is known as the power factor. 
Therefore, to find the power factor, you need to divide the true power by the apparent power, 

using the following equation; Power factor = — power — ^ obtained by this equa- 

apparent power ^ 

tion is especially important in the operation of the alternating-current electric generator, 
the alternating-current electric motor, and the transformer. 


APPARATUS 

Large electromagnet with removable core or the primary coil of a bell-ringing transformer; 
alternating current voltmeter; alternating current ammeter; watt meter; arid lamp board with 
lamps for variable resistance. 


PROCEDURE 

You may perform this experiment in either of two ways: (1) by using a large electromagnet 
with removable core or (2) by using the primary and secondary coils of a bell-ringing trans- 
former. If time permits, and both kinds of equipment are available, you may wish to per- 
form the experiment in both ways and thus check your results. 

Using large electromagnet with removable core. Set up the apparatus, as shown in the 
drawing, by connecting an electromagnet with the terminal wires of some source of alternating 
current. Place a watt meter, an ammeter, and a lamp board in one of the lines and a switch 


lamp board 



source of 
A.C. current 


switch 


Dynamic Physics References: pages 625-630 
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Se f connecting 

bright terminal Ai of the watt meter wif h a f ? J “^^be electromagnet coil and the 

of &e watt meter across the circuit by connSng the\LekT^^^’ *be other side 

in paraUel in the lamp b^d five lamps 

Place the core of the electromagnet entirely in the coil, close the switch, and take the 

readings of both voltmeter and ammeter. What is the voitmeter reading? 
volts. What is the ammeter readina? 


^tes the true power of the current. What is the true oower? *1. m ^ 

the apparent power, muitiply the volts by the amperes, 'wiat' is tte appSe^t pwt? 

^ vratts. To and the power factor, divide the true power by the apparent power. 

a? -r4^~SSS£S sH~ 


Position of 
Core 

Volts 

Amperes 

True Power 
Watts 

Apparent 

Power 

Power Factor 

Entirely in 






34 out 


1 




3^2 out 


1 




out 






Entirely out 

■ « • A 







r . , ' Transformer, bet up the apparatus in the same manner as 

f AAh J that you substitute the primary coil of the bell-ringing transformer 

iOr Liio l^p^G GiGctromSaDTipf^^ Alcirt nco q ji . - 


.^^11 ^11. ^ — ammeter, since zne current will be very 

small, only about 0.05 amperes. Close the switch and take the readings of both voltmeter 

and ammeter. What is the voltmeter reading? volts. What is the ammeter 

reading? amperes. The watt-meter reading as before indicates the true power 

of the current. What is the true power? watts. To find the apparent power 

multiply the volts by the amperes. What is the apparent power? watts. To 

find the power factor, divide the true power by the apparent power, mat is the power fac- 

Enter your findings in the following table. 
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Rspcat the expenment, connecting an electric bell with the secondary coil of 1 
transformer. Why does this connection reduce the inductance of the primary 


Close the switch and take the reading of both voltmeter and ammeter. What is the voltmeter 

reading? volts. What is the ammeter reading? amperes. Take 

the watt meter reading to obtain the true power. What is the true power? watts. 

As before, multiply the volts by the amperes to obtain the apparent power. What is the 

apparent power? watts. Divide the true power by the apparent power to 

obtain the power factor. What is the power factor? Enter your findings in 

the following table. 


Trul 

Volts 

1 

1 

1 

Amperes 

True Power 
( watts ) 

Apparent 

Power 

( watts ) 

Power Factor 

1 

1 



1 


2 



\ 

1 

1 



CONCLUSIONS 

1. What do you understand by power factor? 


2. How do you determine the power factor? 


3. What is the difference between true power and apparent power? 


4. What effect did removing the core in this experiment have on the power factor? 
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6. How did removing the core affect the magnetic field? 


PRACTICAL APPLICATIONS 

1. Why is it important in industry to know the power factor of a motor at various loads? 


2. WTiy are synchronous motors sometimes used in industry? . 


3. How is the power factor related to the cost of electricity used in industry? 


4. Why is the power of an alternating current used in operating a radio apparent power rather 
than true power? 
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Class Period 


Date 


Name 


^EXPERIMENT SIXTY-ONE 

Photometry 

How may the intensity of light at a source and the intensity of illumination be measured? 

References: Light Photometry and Illuminating Engineering, by William 

E, Barrows, pages 29-57 

Science for the Citizen, by Lancelot Hogben, pages 161-162 
Torch of Civilization, by Matthew Luckiesh, pages 220-240 

Introduction^ The intensity of light in modern times is an especially important topic because 
people depend greatly upon artificial light. Many people work in stores, offices, and factories 
and live in homes where artificial lighting is required much of the day. Also at night they 
require artificial lighting, whether sitting in their living room, attending a movie, driving an 
automobile, or carrying on work. In judging the intensity of light, scientists consider both 
the intensity at the source, as the intensity of light produced by a lamp, and the intensity of 
light received in a given location, the latter being called intensity of illumination. To measure 
the intensity of light at the source, they use a standard unit, known as the candle power, which 
was established years ago when the candle was the chief means of artificial lighting. A candle 
power is the light produced by a sperm (whale oil) candle seven-eighths of an inch in diameter 
which bums 120 grains or 7.776 grams of wax per hour. To measure the intensity of illumina- 
tion, or the intensity of light received, scientists use a standard unit known as a foot-candle. 
A foot-candle is the amount of light received on a point one foot from a standard candle, or 
candle yielding one candle power of light. 

APPARATUS 

Standard candle, 25-watt Mazda lamp, 40-watt Mazda lamp, 60-watt Mazda lamp, 100-watt 
Mazda lamp, foot-candle meter (Weston photronic cell), photometer box (Bunsen), meter 
stick, and supports. 

PROCEDURE 

intensify of illumination, or light received. With a foot-candle meter measure the intensity of 
illumination in various parts of the laboratory. First measure the intensity of illumination 
from natural light, or light received through the windows, and second the intensity of illumi- 
nation from natural light supplemented by artificial light, or light 
received from the electric lamps in the room. If the electric lights are 
on, turn them off so that the room receives no light except natural light. 

What is the reading of the foot-candle meter directly in front of a 

window? foot-candles. What is the reading in the 

center of the room? foot-candles. What is the reading 

in the darkest comer of the room? foot-candles. Turn 

on the electric lights and take the readings again in the same locations. 

What is the reading in front of the window? foot-candles. 

What is the reading in the center of the room? foot-candles. 

What is the reading in the darkest corner? foot-candles. 

Dynamic Physics References: pages 662-670 
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12 ^ Jj^hting standards established by 

to 20 foot-candles of illumination. Which of 


adequate foot-candles from natural light? 


should receive from 
e tested parts of the classroom received 


• • 




• « • • 


• ♦ • * 


• • 




Wkich parts received adequate footcaa'd'les whei; W. i: 


ficial light? 


when the natural light was supplemented by aHl- 


• • 


• • 


• • 


• • 


• « 




CoSpuS°Sn^dir'“ ““fT one toot 

^ht preduced .V the iarepf hv ZSuZ 

distance 1 foot in the equation: Foot panriio- , candle power wv, 4 - ■ 

(distance in feet)‘“‘ is the candle power of 

power of the 40-watt Mazda lamp? eandle power. What is the candle power of 

the 60-watt Mazda lamp? candle power. What is the candle power of the 100- 

com^Ue^^ord. findings in the third column of 



photometer, as shown in the accomp^an^ng dram^g.^^^^^^ 

r£ ifi f ^o^r - -- te 

record. (If a standard ^ndle is not available, omit the test of the 25-watt Mazda lamp and 
use this amp as a standard in place of the candle. Use the same candle power for Samp 

meter stick Of a standard candle is available). Move the photometer back and^forth between 
the candle and lamp until you find a location where the translucent greased spot is equally 
.llummalcd from both sides. Measure in centimeters the distance S the^s5“pij 

to both candle and lamp. What is the distance from the greased spot to the eandle? 


centimeters. What i.s the distance from the greased spot to the lamp? 

meters. Lnter these findings in the fifth and sixth columns of the composite record. 
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To find the can^e power of the 25- watt Mazda lamp, substitute the candle power of the 
standard candle for C.P.., the distance from the greased spot to the standard candle for d„ and 
the distance from ^e gr^^ spot to the 25- watt Mazda lamp for d„ in the following equation: 

~ (d,) C.P., ~ (d.) to this calculation, the candle power of the 25-watt 

Mazda lamp is candle power. Enter your findings in the last column of the table. 

In a similar manner find the candle power of the 40-watt Mazda lamp, of the 60-watt 

Mazda lamp, of the 100-watt Mazda lamp, and of any other source of light that you choose. 
Enter your findings in the table as before. 


Trial 

Source 

OP 

Light 

Candle Power 

BY 

Foot-Candle 

Meter 

Candle Power 
OP Standard 
(C.P,.) 

Distance 

OP Standard 
( de) 

Distance 

OP Lamp 
( dx) 

Candle Power 

OF Lamp 

(C,P„) 

1 

;25-watt Mazda 



1 



2 

40-watt Mazda 






1 

3 

! 

60-watt Mazda 






4 

100-watt Mazda 




1 ■ ■ - 


5 





* 1 



CONCLUSIONS 


1. What is a standard candle? 


What is a foot-candle? 


2. How is the intensity of light measured at its source? 


3. How is the intensity of illumination measured?' 


4. What is a foot-candle meter? 










5. What is a photometer? 


How do you operate a photometer? 


6. What equation is used in connection with a photometer? . 


PRACTICAL APPLICATIONS 

1. Why IS special attenUon given today to indoor lighting? 

♦ 




2. "VSTiy is indirect lighting better than direct lighting? 


« 


• . 



What is the advantage of fluorescent 


lighting? 




4. '\i\ hy are most electric-light bulbs frosted? 


5. How is indoor lighting related to the problems of health and safety? 
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Class Period 


Date 


Name 


experiment sixty-two 

Reflection from a Plane Mirror 

How does a plane mirror reflect rays of light? 

References: Science for the Citizen, by Lancelot Hogben, pages 127-128 

140—141 ’ 

Universe of Light, The, by William H. Bragg, pages 11-20 

Introduction. Most objects that you observe in your environment you see because of reflected 
light. Only when you look directly at a luminous object does light come directly from the 
luminous object to your eyes. When you look at the sun, for instance, the light comes directly 
from the sun to your eyes, but when you look at the moon you see only reflected light. The 
moon, which is a nonluminous body and hence provides no light of its own, shines merely 
because it reflects light from the sun. In a similar manner you see all nonluminous objects 
because of reflected light. Sometimes the light from a luminous body, such as the sun, is 
reflected several times before it reaches your eyes. Light travels in straight lines, known as 
rays, each ray representing a wave front traveling from a point on a luminous object or 
reflecting surface. When a ray reaches a reflecting surface, it is turned back much as a rubber 
ball is turned back when it is thrown against a wall. If the ball is thrown directly toward the 
wall, it returns in the direction of the thrower, but if it is thrown slantingly at the wall, it 
rebounds away from the thrower. A ray of light from any source which reaches a reflecting 
surface, such as a mirror, is known as an incident ray. The moment the ray of light is turned 
back by the reflecting surface, it becomes a reflected ray. A line perpendicular to the reflect- 
ing siu-face at the point where an incident ray falls upon a surface and a reflected ray leaves 
the surface is known as the normal. The angle between the normal and the incident ray is 
called the angle of incidence, and the angle between the normal and the reflected ray is called 
the angle of reflection. 

APPARATUS 

Plane mirror with darkened or silvered back; rectangular block of wood for holding the mirror 
erect; ruler; protractor; and pins. 

PROCEDURE 

Angle of incidence and angle of reflection. With a rubber band fasten a plane mirror to one 
side of a rectangular block of wood. (If no ready-made mirror is available, you may readily 
make one by blackening one side of a small piece of plate glass.) Draw a straight line XY on 
a sheet of paper as shown in the accompanying drawing, and place the block of wood on the 
paper so that the attached mirror stands upright with its front edge 
directly along the line XY. Place a pin upright against the glass at 
point 0 near the center of line XY. Place another pin upright at any 
point P a few centimeters from the mirror. Place a third pin Pi upright 
so that, when you sight from this pin to the pin at O, the image of the 
pin at Pi coincides with the pin at P. Remove the mirror from the 
paper and draw lines PO and PiO. With a protractor draw a line NO 0 
from point O perpendicular to the mirror line XY. The line PO now 
represents the incident ray, the line PiO the reflected ray, and the line 
NO the normal. The angle PON is the angle of incidence and the 
angle PiON is the angle of reflection. With the protractor measure 

the size of each angle. The angle PON is degrees. The 

Dynamic Physics References: pages 672-676 
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angle P^ON is 


of the angle of incidence and the angle of reflection? 


degrees. What do these findings indicate about the relaHve sizes 




Ancige fermecf by a plane mirror. Draw a straight I 

a^nst the glass at some point O near the center of f 

^ ^ straight line 

AB and place a pm at point A. Place a pin at 

atTtaT^ pin 

at a to the pm at O the image of the pin at point 
A appears m the same line. Draw a line from 

pother position, point 0 ^, along the mirror line 
A Y. and pl^e a pm at point Oi in line with the 
pm at point Oi and the image of the pin at point A. 
Draw a Ime from point oi to point Oi. Move the 
pm from point O, to a third position, 0 „ along 
iJie iiiOTor Ime XY and place a pin at point ch 
m a similar manner. Draw a line from point 02 
to point O*. Remove the mirror and continue 
Im^ O a, Oi oi, and O2 ch and observe that they 
meet at a point Ai (provided you have sighted 
accurately), which represents the location of the 
image of the pin at point A. Why do the three 

lines meet at this point? B| 




X 


'02 


Ml 





A 




di 


Oi 


Y 


• • • • 


+if at point Band repeat the experiment to locate point Ri, the location of the 
imap of the pm at point B. Draw a line from point Ai to point Bi. The line AB represents 
he length of the object, L„ and the line AiBi represents the length of the image, L,. Measure 

in centimeters the length of both AB and AiB,. What is the length of AB? 


centimeters. What is the length of AiBi? centimeters. How do the two lengths 


compare? 


Draw a line from point A to point Ai, and a second line from point B to point Bi. What 

kindof angle does each line form with the mirror line Zy? Measure 

in centimeters the distance from point A along line AAi to the mirror line XY, which distance 

is known as the object distance, Dg, What is the object distance from A? 

centimeters. Measxare in centimeters the distance from point Ai along line AAi to the mirror 
line, which distance is known as the image distance, D,. What is the image distance from Ai? 

centimeters. How does the object distance from A compare with the image 
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gfetance from A 


Measure in centimeters the distance from point B along the line Bb[ to the mirror line. ’ What 

is the object distent from B? centimeters. Measure in centimeters the dis- 

tance along the line BBy from point B, to the mirror line. What is the image distance from Bi? 

centimeters. How does the object distance from B compare with the image dis- 


tance from Bi? 


Repeat the experiment twice more and enter your findings in the following table. 


Trial 

1 

Length of 
Object (Lo) 

Length op 
Image (L*) 

Distance op Object (D„) 

Distance of Image (Di) 

A 

B 

A, 


1 







2 







3 





1 

1 

1 

1 


1. What is a ray of light? 


CONCLUSIONS 


2. What is the difference between an incident ray and a reflected ray? 


3. How does the angle of incidence compare with the angle of reflection? 


4. How does the length of an object before a plane mirror compare with the length of its image? 
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5. How does the distance of an object fiom a plane n>im,r compare with the 


of the image from the mirror? 


apparent distance 


• p 


» ■ 


• • 


« • 


p p 


« • 


PRACTICAL applications 


1. How are most mirrors made to obtain a reflecting surface? 


2. How are mirrors used in the construction of a periscope? 


3. How would you arrange two mirrors in order to see around a corner? 


4. Mention several examples of objects that you see by means of direct rays? 


5. Mention several examples of objects that you see by means of reflected light 
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pi .AHg Period Date 


Name 


EXPERIMENT SIXTY-THREE 

Reflection from a Convex Mirror 

What are the relative position, size, and shape of images formed by a convex mirror? 

References: /or <Ae Citizen, by Lancelot Hogben, pages 140-147 

Universe of Light, The, by William H. Bragg, pages 22-37 

Inlroduciion. The wavra of light which come from distant objects, such as the sun, are plane 

waves, or wavM with straight fronts. When these plane waves fall on a convex mirror, they 

are reflected m diverging wave fronts, as shown in the accompanying drawing. The divergence 

occurs because the center of each wave front, such as point O in the plane wave AB reaches 

the mirror sooner than points farther out along the wave front, such as points A and B By 

the time points A and B reach the mirror, point O has moved back to point Oi as the center 

of a reflected wave. Since points A and B lag behind point O, the reflected wave bends out- 
ward, causing the rays to leave the mirror 

in a diverging manner. The divergence of 
the rays makes them to appear to come 
from point F behind the mirror. This point, 
called the principal focus, in the case of a 
convex mirror is always a virtual focus, that 
is, one that seems to exist rather than really 
exists. The distance from the principal focus 
F to the mirror, indicated by /, is called the 
focal length of the mirror. This distance, 
which represents the radius of each wave 
reflected from the mirror, in a cylindrical 
mirror (either a convex or a concave mirror) 
is always one-half the radius of the curva- 
ture of the mirror, indicated by R. Point 
C in the drawing is the center of curvature 
of the mirror. A line passing through the center of ciuvature C and the principal focus F and 
cutting the mirror line at point O is called the principal axis of the mirror. 

The curvature of an arc is always indicated by the reciprocal of its radius, or and hence 

the curvature of each reflected wave at the instant when it leaves the mirror is^. If this term is 

given a plus sign, the term indicates that the convex mirror adds j curvature to the incident 
plane wave. K the distance from an object to the mirror is indicated by D^, the curvature of 
the incident wave may be represented by If the distance from the image to the mirror is 

indicated by the curvature of the reflected wave may be represented by Accordingly, 
the effect of a convex mirror on waves of light reflected from the mirror may be expressed by 

the equation ^ 



APPARATUS 

Convex cylindrical mirror, ruler, and pins. 

Dynamic Physics References; pages 696-697 
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PROCEDURE 

Weal ^or in a vertical position on a sheet of paper and draw a curved 
anwature of the mirror. Remove the mirror and draw a straight line 
I the curved mirror line to another point Y in the curved mirror line. Di^w 



M 


C 


a line iviiv perpenoicuiar to line JLY, cutting Xy at its mid-point and cutting the curved 
mirror line at point O. The line MN represents the principal axis of the mirror. Assume 
that the radii^ of curvature of the mirror is 5 centimeters, and measure 5 centimeters to the 
right from point O along the principal axis to locate point C, the center of curvature. Meas- 
ure 2.5 centimeters to the right of point 0 to locate the principal focus F, since the focal length 
of a cylindrical mirror is always one-half the radius of curvature. 

Hold the mirror in a vertical position as before along the curved mirror line, and draw 
line AB exactly 3 centimeters long about 5 centimeters in front of the mirror. Place a pin 
horizontally along line AB and observe its image in the mirror. Where does the ima?e 


to be with respect to the mirror? 


Does the image point in the same direction as the pin or is it inverted? 


Is it straight or curved? Is it real or virtual? 

Remove the pin placed horizontally along line AB. Locate the image of line AB, by plac- 
ing a pin upright at point A and another pin upright at point O. Look into the mirror and 
set a pin at some point a where the image of the pin at point A appears to be in line with the 
pin at point O. Draw line OA to represent the incident ray and Oa to represent the reflected 

ray. "What relation exists between angle NOA and angle NOal 


Draw a line AH from point A to the mirror parallel to the principal axis MN. Place a 
pin upright along the mirror at point H. Look into the mirror and set a pin at some point Ci 
where the image of the pin at point A appears in line with the pin at point H. Draw a line 
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from point oi to point H. Which line represents an incident ray? 


Which 


line represents a reflected ray? 

Place a pin upright at some point 02 back of the pin at point A so that the pin at point 
Oi is in line with the pin at point A and its image. Draw a line from point Oj to point A and 
continue the line to point R on the curved mirror line. This line Ra<i represents both the inci- 
dent ray and the reflected ray from point A. Why do the two lines coincide? 


Remove the mirror and continue the reflected ray lines aO, ajl, and a^R until they meet 
at point Ai. This point indicates the location of the image of the pin at point A. Continue 
line <hR until it passes through point C, the center of curvature of the mirror. Why does 

this line pass through point C? 


Place a pin upright at point B and locate the image of the pin at some point Bi in the same 
manner as you located the image of the pin at point A. Draw a line from point Ai to point 
Bi, which line represents the image of the line AB. How does the length of the image com- 
pare with the length of the object? 


Is the image erect or inverted? ' Is the image straight or curved? 

Is it real or virtual? 

Measure in centimeters the length of line AR for the distance Z)„ of the object from the 

mirror. What is the object distance? centimeters. Measure in centimeters 

the length of line AiR for the distance of the image from the mirror. What is the image 

distance? centimeters. Measure in centimeters the length of line AB for the 

length L„ of the object. What is the length of the object? centimeters. Measure 

in centimeters the length of line A\B\ for the length Li of the image. What is the length of 

the image? centimeters. Check your findings with respect to the mirror by 

comparing the ratio ^ with the ratio • 

CONCLUSIONS 

1 . How does the distance of an image from a convex mirror compare with the distance of the 
object from the mirror? 
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2. How does the length of an image in a convex mirror compare with the length of the ohieet 

producing the image? 







3. How does the shape of an taage ina convex n»n.r compare with the ^ 
producing the image? 

‘ 

* 





4. Why IS an image in a convex mirror always a virtual image? 






« « • 


PRACTICAL APPLICATIONS 

1. Why are convex mirrors often used in women’s dressing apparel shops? 



2. How are convex mirrors sometimes used in automobiles? 


3. Why are polished convex mirrors which are sometimes found in homes good only for 
decorative purposes? 


4. Mention other situations in which 


convex min'ors or convex reflecting surfaces are used. 


CussFesuod 


Date 


Name 


experiment sixty. four 

Reflections from a Concave Mirror 


What 


References: Science for the Citizen, by Lancelot Hogben, pages 140-147 

Universe of Light, The, by William H, Bragg, pages 22-37 

Intrcductim. A co^ve mirror produces an eBect directly opposite from that produced by 

a convex mirror. TOm plane waves of light fall on a concave mirror, they are reflected in 

mnvergmg wave fronts, as shown in the accompanying drawing. The convergence occurs 

^usc points away from the center of a plane wave, as points A and B in the plane wave 
AB, reach the mirror sooner than the center 

indicated by point O. By the time point O 
reaches the mirror, points A and B have 
moved back to points Ai and jBi as extremi- 
ties of a reflected wave. Since point O lags 
behind points A and B, the reflected wave 
bends inward, causing the rays to leave the 
mirror in a converging manner. The con- 
vergence of the rays causes them to appear 

to come to a focus at point F, the principal i I I I 0| 

focus. The distance, indicated by f, from the 
principal focus F to the mirror is the focal 
length, which distance is one-half the radius 
of curvature, indicated by R. Point C in the 
drawing is the center of curvature of the 
mirror. A line passing through points C and 
F and cutting the mirror at O is called the 
principal axis of the mirror. 

As indicated in the preceding experiment, the curvature of an arc is always expressed by 
the reciprocal of its radius, or and hence the curvature of each reflected wave at the instant 



1 


when it leaves the mirror is j. If this term is given a negative sign, the term indicates that the 

concave mirror subtracts j curvature from the incident plane wave. If the distance from an 
object to the mirror is indicated by Z)„ and the distance from the image to the mirror by A, the 
curvature of the incident and reflected rays may be represented by i and i respectively. 

L/q 

Accordingly, the effect of a concave mirror may be expressed by the equation i iw* 


APPARATUS 


Cylindrical concave mirror, ruler, pins. 


PROCEDURE 

Hold a concave cylindrical mirror in a vertical position on a sheet of paper and draw a curved 
line to indicate the curvature of the mirror. Remove the mirror and draw a straight line from 

Dynamic Physics References: pages 677-681 
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its image in the mirror. 


some point X in the curved mirror line to 
pother point Y in the curved mirror line. 
Draw a line NM perpendicular to line XY 
cutting XY at its midpoint and cutting the 
curved mirror line at point O. This line NM 
represents the principal axis of the mirror. 
Assume that the radius of curvature of the 
mirror is 5 centimeters, and measure 6 centi- 
meters to the left from point O along the 
principal axis to locate point C, the center 
of cu^atoe. Measure 2.5 centimeters to the 
left of point 0 to locate the principal focus F 
since the focal length of a cylindrical mirror 
IS always one-half the radius of curvature 
Hold the mirror in a vertical position as 
before along the curved mirror line and 
draw a line AB 3 centimeters long about 6 
centimeters in front of the mirror. Place a 
pin horizontally along line AB and observe 


1 ^ aiuijiK iiiie AH ar 

Where does the image seem to be with respect to the mirror? 


• • • 


• • • 


Does the image point in the same direction as the pin or is it inverted? 


• • 


• * 


• • • 


* • 


• « 


» • 


Is it straight or curved? Is it real or virtual? 

Placer;: JpS th 

point O. Draw line OA to represent the incident ray and line Oa to represent thfreflected 
ray. What relation exists between angle NOA and angle NOa? 


4 mirror parallel to the principal axis NM. Place a 

^ I, ^ the mirror at point H. Look into the mirror and set a pin at some point a, 

where the .mage of the pin at point A appears in line with the nin at n„^nt H n. ' ! 


• » 


pm at point H, Draw a line 


from point Ui to point H. Which line represents the incident 


ray? 


Which line represents the reflected ray? 

Place a pm upnght at some point back of the pin at point A so that the pin at point (h 
IS in line mth the pm at point A and its image. Draw a line from point ch to point A and 
continue the line to point R on the curved mirror line. 

Remove the rnirror and observe that the reflected ray lines aO, ajl, and chE meet at point 
Ai. i his point indicates the location of the image of the pin at point A. Observe that line 
chE passes through point C, the center of curvature of the mirror. Why does this line pass 


through point C? 


• • • 


% « 
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Place a pm upnght at point B and locate the image of the pin at some point Bi in the 
same mannw ^ you located the image of the pin at point A. Draw a line from point Ai to 
point Bi, which line represents the image of the line AB. How does the length of the image 

compare with the length of the object? 


Is the image erect or inverted? Is it straight or curved? Is it 

real or virtual? 

Measure in centimeters the length of line AO for the distance A of the object from the 

mirror. What is the object distance? centimeters. Measure in centimeters 

the length of line AiO for the distance A of the image from the mirror. What is the image 

distance? centimeters. Measure in centimeters the length of line AB for the 

length A of the object. What is the length of the object? centimeters. Measure 

in centimeters the length of line AiBi for the length A of the image. What is the length of the 


image? 

A 

ratio p . 


centimeters. Check your findings by comparing the ratio ^ with the 


CONCLUSIONS 


1. What relation exists between the distance of the image from a concave mirror and the dis- 
tance of the object from the mirror? 


2. How does the length of the image compare in a concave mirror with the length of the object? 


3. How does the shape of the image in a concave mirror compare with the shape of the object? 


4. Why may an image in a concave mirror be either real or virtual? 
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PRACTICAL applications 

1. Why are parabolic concave mirrors used in automobile headlights? ; 





How does the parabolic concave mirror of a searchlight enable the 
at night? 


searchlight to spot objects 




3. Why does an electric heater have a concave reflecting surface? 


4. Why is a band shell usually made concave in shape? 


5. Mention a situation in which the image in a concave mirror is real 


6. Mention a situation in which the image is virtual. 
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Class Period 


Date 


Name 


experiment sixty-five 

Index of Refraction 

What is the ratio of the speed of light in air to its speed in glass? 

References: Science for the Citizen, by Lancelot Hogben, pages 130-140 

Universe of Light, The, by William H. Bragg, pages 38-84 

Introduction. The speed of light is greater in air than in a denser 
medium such as water or glass. The difference in speed causes 
rays of light to bend at the point of incidence when they pass 
from air into a denser medium or from a denser medium into air. 

Because of this bending, if you look obliQuely at a coin on the 
bottom of a battery jar full of water, as shown at the right, the coin 
appears to be higher than it really is. If the coin is at point P, a 
ray of light from the coin travels to point S on the surface and 
then bends away from the normal toward your eye at point E. 

The bending at point S causes the coin to appear to be at point 
Pi considerably above the bottom. From this behavior of light 
rays when they pass from air into a transparent substance of 
greater density, scientists have found a method of calculating 
the index of refraction of the substance, or the ratio of the speed 
of light in air to the speed of light in the denser substance. In this 
experiment you will find the index of refraction of glass. 

APPARATUS 

Equilateral triangular prism, rectangular glass plate, compass, ruler, and protractor. 



PROCEDURE 


Index of refraction by means of a triangular prism. Place a triangular prism on a sheet of 

paper and draw an outline of the prism indicated by MPN in the drawing. Along line MN, 

about a centimeter from vertex M, place a pin up p 

right at point A. Along the same line, about a cen- a 

timeter from vertex N, place a pin upright at point / \ outline of 

B. Looking through the prism from the side where ^ ^ptism 

you locate the pins, set a pin at some point a in line yy 

with the pin at point A and the image of vertex P. // \\ 

Set a pin at some point 6 in line with the pin at B / / P| \\ 

and the image of vertex P. Remove the prism, / j /\^ \\ 

draw line CiA and extend the line through the / / \ \ \ 

prism. Draw line bB and extend the line until it in- / / '' \ \ 

tersects the line from aA at point Pi. Draw a line / / / \ \ \ 

from point A to point P and a corresponding line / / / \ \ 

from point B to point P. The line AP represents / / / ^\\ \ 

the distance light travels in air and the line APi / // \\ \ 

the distance it travels in glass during the same in- ^ vf ^ \ 

terval of time. To find the index of refraction of ^ ° 

the glass, divide the length of the line AP by the « k 


MA 


Dynamic Physics References: pages 683-686 
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length of the line AP,. What is the length of line API 


the length of line AP^? 


centimeters. What is 


glass? 


centimeters. What is the index of refraction of the 


What happens to a light 
glass at point A? . . 


wave traveling from point a when it reaches the surface of the 


• » 


4 • 




Why does this occurrence couse vertex P of the prism to appem- to be at point within 
the prism? 


• • • • 


• • » » 


• • 


^Tiy does the light travel farther i 


• ■ 


• • • • 


» • 


m air than it travels in glass in the same interval of time? 


fcHfex of refraction by means of a glass plate. Place rectangular glass plate on a sheet nf naner 
and draw an outline of the plate, as shown in the drawing. Place a pin upright at some ^^oint, 

such as at point B, along one side of the glass. Place 
a second pin upright at some point, such as at point A 
a short distance from the pin at point B, so that the 
pm at point A stands obliquely with reference to the 
pm at point B and the side of the glass. Looking 
through the glass from the opposite side, place upright 
two pins, at points Ai and Bi, in a straight line with the 
images of the pins at points A and B and the pin at Ai 
in contact with the glass. Remove the glass plate and 
draw a line from point A to point B and a second line 
from point Bi to point Ai. Draw a broken line from 
point B to point Ai. With a protractor erect a normal 
MN to the edge of the glass through point B. With B 
as a center and any convenient radius construct a circle 
cutting line AB at point C and line AiR at point Ci. 
From point C draw a line CD perpendicular to MN. 
From point Ci draw a line CiDi perpendicular to MN. 
The ratio of line CD to line CiDi indicates the index of 
refraction of the glass. What is the length of CD? 



centimeters. What is the length of 


CiDi"! centimeters. According to these 
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4 


In which direction with reference to the normal does the light bend in the first instance? . . . 


In which direction with reference to the normal in the second instance? 


How can you account for the difference in direction in the two instances? 


The ratio of line CD to line C-JDi indicates the index of 'refraction because numerically the 
index of refraction is the ratio of the sine of the angle of incidence to the sine of the angle of 
refraction. In the preceding drawing, the angle CBD is the angle of incidence and the angle 
CiBDi is the angle of refraction. The sine of angle CBD in the right triangle CBD is the ratio 


of the side CD (the side opposite the angle) 


to the hypotenuse CB, or 


CD 

CB' 


The sine of angle 


CiBDx in the right triangle CiBDx is the ratio of the side CiDi to the hypotenuse BCi, or 

£j(Ji 

Therefore the index of refraction from air to the glass may be expressed as follows: 

Since CB and BCi are equal, being radii of 

, . , CD 




Sine of angle CBD CD 
Sine of angle CiBDx~CB^~BCi CB^C^x 

the same 


CONCLUSIONS 

1. What do you understand by index of refraction? . . 


2. How does the index of refraction cause a coin in the bottom of a battery jar to appear higher 


than it really is? 
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3. What is the sine of an an^e? 

• 



^ 

4. How is the index of refraction defined on the basis of the sines of angles? 


PRACTICAL APPLICATIONS 


1. Why does a puddle of water always appear more shallow than it really is? 



\\*hy does the driver of an automobile sometimes experience the optical illusion of 
pavement when the pavement is really dry? 


a wet 


3. Why can you see the sun before it really rises in the morning? 



How ran 


you explain a mirape on the basis of refraction? 
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experiment sixty-six 

Refraction by a Prism 

How is the path of a ray of light affected by a prism? 

References: Science for the Citizen, by Lancelot Hogben, pages 130-140 

Universe of Light, The, by William H. Bragg, pages 38-84 

Introduction. The wave front of a plane wave, as you have learned, always travels in a straight 
line. When a plane-wave front traveling in a medium such as air, however, passes obliquely into 
a medium of different density, it is bent at the point of incidence. Suppose, for instance, that a 
ray of light passes from air into a denser medium, such as water, as shown in the accompanying 

drawing. Point A of the plane-wave front AB reaches the water before point B and is retarded 
by the water, whereas point B continues to travel at the original 
velocity. The shown velocity of point A in the wave in compari- 
son with the continued velocity of point B causes the wave front 
to bend toward line MN, known as the nonnal, drawn perpen- 
dicular to the surface of the water through point A. This bend- 
ing of rays of light passing obliquely into water explains why a 
stick projecting obliquely from the surface of a lake or pond ap- 
pears to be bent. No bending occurs when a ray of light passes 
perpendicularly into the water because all points in the wave front 
are slowed up at the same time by the denser medium. The re- 
fraction of light is widely applied to glass cut in a variety of shapes. 

In this experiment you will trace the path of a ray of light through 
an equilateral triangular glass prism, or prism of which each re- 
fracting Surface is an equilateral triangle. 

APPARATUS 

Equilateral triangular prisms, ruler, protractor, and pins. 

PROCEDURE 

Refraction by a single prism. Place a triangular prism on a sheet of paper and draw an outline 
of the prism. Place pins upright at the left of the prism, such as at points A and B in the 
drawing, one point being slightly farther from the prism than the other. Sight through the 
right side of the prism and place upright two pins 
at points Ai and Bi so that all four pins appear in 
line. Remove the prism and draw a line from point 
A to point B and continue the line to point O on 
the left surface, and as a dotted line to point M on 
the right surface. Draw a line from point Bi to 
point Ai and continue the line to point Oi on the 
right surface. Connect points O and Oi. The solid 
lines in the drawing show the path of a ray of light 
through the prism. Draw line NX perpendicular 

to the first surface through point O to represent the first normal ; and draw line NiX perpendicu- 
lar to the second surface through point Oi to represent the second normal. Does the ray bend 

toward or away from the normal when it enters the glass? 

How does it bend with reference to the normal when it leaves the 

Dynamic Physics References: pages 683-686 
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The aegle AON m your drawing is the angle of incidence. According to the protract™- 

^at . the value o, this angler The angle XOO. is the angle of reftacUon! 

What is the value of this ancle’ mu , ^ 

OiOM is the angle of deviation. 

What is the value of this angle? wiairav, t • j- . 

Which angle indicates the number of degrees 

that the ray is bent from its original course? 



Refraction by two prisms. Arrange two triangular prisms with 
aces together as shown in the accompanying drawinc. Set twn 

^ horizontal line at the left of one prism 

^ Pa^^hs of the rays of light AB 

a^d CZ) through the pnsms as in the first part of the experiment 

Continue the liri^ representing the paths after the rays emerge 

at the right until the lines intersect. Why do the two lines in. 


tersect? 


» • 


• • 


• • 


» « 


» • 



■ prisms with points together as shown 

P*"® ^ ^ upright in a horizontal line 

at the left of one pnsm and two pins C and D upright in a horizon- 

tal line at the left of the other prism. Trace the paths of the rays 

of light through the prisms and continue the lines representing 

the paths after the rays emerge at the right. How do the paths 

of the emerging rays compare with the paths of the rays in the 

preceding arrangement of prisms? 


Arrange two triangular prisms with faces to- 
gether as shown in the accompanying drawing. 
Set two pins upright at the left of the prisms one 
slightly farther from the prism than the other, 
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indicated by points A and B. Sight through 
pins at points Ax and Bx so that all four pins 


after it leaves the prisms 


Check your answer by extending the incident ray through the prisms and beyond. Why does 
no refraction occur when the ray passes from one prism to the other? 


CONCLUSIONS 

1. What causes refraction to occur when a ray of light passes obliquely from a medium of one 
density to a medium of another density? 


2. In which direction with reference to a normal does a ray bend when it passes obliquely into a 

medium of greater density? 

In which direction with reference to a normal does a ray bend when it passes obliquely into a 

medium of less density? 

• 

3. How would you define the angle of refraction? 


How would you define the angle of incidence? 



4. How are rays of light refracted when they 


edges? 


pass into glass thicker in the middle than at the 


• w 


« » • 




• » 


5. How are rays of light refracted when they pass into glass thicker 
middle? 


on the edges than in the 


PRACTICAL APPLICATIONS 

1. When you look obliquely at an object in the water why does it appear to be in a different 
location from where it really is? 


2. Why does a stick appear to be bent when it projects obliquely from water? 


3. WTiy can you set fire to a piece of paper by holding over the paper in the sunlight a lens 
thicker in the center than on the edges? 


4. How is a prism sometimes used in providing rooms facing the coxu-t of a tall building with 
sunlight? 


Class Period 


Date 


Nabie 


EXPERIMENT SIXTY-SEVEN 


Convex Lenses 

How do convex lenses affect the paths of light in forming images? 

References: Science for the Citizen, by Lancelot Hogben, pages 148-157 

Universe of Light, The, by WUliam H. Bragg, pages 38-84 

Introduction. As ^eady explained, waves of light coming from a distant object, such as the sun, 

fronts. The waves travel in straight lines called rays, which are approximately 
parallel. Wien plane waves pass through a double convex lens, refraction occurs and the rays 
are caused to converge. For instance, when a plane wave such as AB reaches the surface of a 

A 



H 


F 


convex lens, as shown in the accompanying drawing, the center of the wave O reaches the lens 
first. The speed of the wave at point O is retarded by the glass and travels less rapidly than 
points farther out, such as points A and B. The retardation begins sooner and lasts longer at 
point O than at points A and B because point O passes through the thickest part of the lens. 
As a result of the greater retardation at the center, points A and B move ahead of point O and 
the wave front becomes converging. Point F in the drawing indicates the focus, or the point 
where all the waves converge which pass through the lens. Point C indicates the optical center 
of the lens, and the distance from the focus to the optical center is the focal length. 

The curvature of any arc, as you have already learned, is represented by the reciprocal of its 

radius, and hence the curvature of a wave refracted by a convex lens may be indicated by 

Since the convex lens causes the waves to converge, it subtracts something from the waves, 

the effect being represented by a minus sign, as - j. If Z). represents the distance of an object 

from a convex lens, the curvature of the incident, or entering, ray is If D, represents the 
distance of the image from the lens, the curvature of the refracted, or bent, ray is — . Accord- 

Di 

ingly, the effect of a convex lens may be expressed as follows: ±-^. 

■L'ff f Z),- 

APPARATUS 

Double convex lens with a focal length of 5 centimeters; lamp box with a small square opening 

covered with wire netting; cardboard screen; candle or Mazda lamp; lens holder; screen holder* 
and meter stick with supports. ' 

Dynamic Physics References: pages 687-699 
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procedure 


focol length f 

holdCT, a* creeTTn'l’Krem'hoMef °“ ™PPOrts, a double convex lens in a lena 

„ .Ke dav is cean, piace tbe“ 



n 

r.' .:>H 4 ^ I'lrr; 


double convex 
lens 


screen 








HgW e<^;rg“St. "Ca? U ^jTe 


center to the screen? centimeters. 

length of the lens? 


Why does this distance represent the focal 


• • 


tree f flw h^drpd point the lens in the direction of a building or 

:^rn 'raT^n^ r Lro~i 

from the optical center to the screen? centimeters. Why does this distance 

represent the focal length of the lens? 


**'**••••'• 

''"»«9e ">oy be interchanged. Place a candle or 
Mazda lamp in a lamp box with a small square opening covered with wire netting. Place a 

double convex lens in a lens holder and a screen in a screen holder on a meter stick and set the 



meter stick with one end against the lamp box so that the lens faces the light. Place the screen 
60 centimeters from the lamp box and move the lens along the meter stick until you secure on 
the screen a large distinct image of the wire netting. Measure in centimeters the object distance 
D., or the distance from the netting to the optical center of the lens. What is the object distance? 

centimeters. Measure in centimeters the image distance A, or the distance from 

the optical center of the lens to the screen. What is the image distance? centi- 

meters. Measure in centimeters the object length L. or the height of the netting. What is the 
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object length? 


centimeters. Measure in centimeters the image length or the 


height of the image on the screen. What is the image length? 


centimeters. 


Determine the focal length of the lens by substituting found values in the equation — 
1 ^ 




J, What IS the focal length? centimeters. According to established principles of 

refraction 77 = 77 . On the basis of your measurements what is the value of 

What is the value of ^? What is the percentage of difference? 


Enter your findings in the following table. 

Leaving the screen 60 centimeters from the lamp box, repeat the experiment by moving 

the lens toward the screen until you obtain on the screen a small distinct image of the wire 

netting (rather than a large distinct image.) Take measurements and make calculations as 
before and enter your findings in the table. 

Repeat the experiment by placing the screen 70 centimeters from the lamp box. Move 

the lens along the meter stick until you secure on the screen a large distinct image. Enter 
your findings. 

Leaving the screen /O centimeters from the lamp box, repeat the experiment by moving 

the lens toward the screen until you obtain on the screen a larger distinct image of the wire 
netting. Enter your findings. 


Trial 

Object 

Distance 

{Do) 

Image 

Distance 

(A) 

Object 

Length 

(A) 

Image 

Length 

{Li) 

1 

Focal 

Length 

(/) 

Di 

Do 

Li 

Lo 

Percentage 

OF 

Difference 

1 


1 

1 

1 


1 

1 

1 

1 





2 









3 







1 


4 





1 





Place the lens twice the focal length of the lens from the lamp box, thus making the object 
distance twice the focal length. Move the screen along the meter stick until you secure a dis- 
tinct image of the wire netting on the screen. What is the object length? 


centimeters. What is the image length? centimeters. How does the image 

length compare with the object length? 


PRACTICAL APPLICATIONS 

1. How does the crystalline lens of the eye resemble the convex lens used in this experiment? 




267 












2. Under what conditions are glasses made thicker in the center to correct defective vision? 




3. How is a convex lens used in a stereopticon? 


4. Why are double convex lenses used in a camera? 


Is the image real or virtual? 

Repeat the experiment with the lens placed less than the focal length of the lens from the 
lamp box, thus making the object distance less than the focal length. Where do you see the 

image? 


Is the image real or virtual? 

CONCLUSIONS 

1. When a plane wave reaches the surface of a double convex lens, the lens causes the waves to 

2. The point where all the waves meet which pass through the lens is called the 

3. The distance from the to the 

of the lens is called the focal length. 

4. A convex lens produces a image when the object distance is greater 

than the focal length. It produces a image when the object distance 

is less than the focal length. 

5. The equation which applies to the convex lens is as follows: 
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experiment sixty-eight 

Optical Instruments 

How ore tenses used in optical instruments to bring about magnification? 

References: Science for the Citizen, by Lancelot Hogben, pages 148-157 

Universe of Light, The, by William H. Bragg, pages 38—84 

Introduction. Lenses ^e used in a variety of optical instruments including three which you will 
consider in this experiment, namely the simple microscope or magnifying glass, the compound 
mcroscope, and the tel^cope. These instruments all bring about magnification of objects, 
that IS, produce images larger than the objects. The simple microscope consists of a double 
convex ler^. The object distance A is less than the focal length and hence the image is always 
^rtual. 1 he compound microscope consists of two main parts, an objective and an eyepiece. 
The obj^tive contains a double convex lens or its equivalent, which provides a real magnified 
image. Tim eyepiece, which also contains a double convex lens, provides a virtual magnified 
image of the real image provided by the objective. The telescope, like the compoimd micro- 
scope, consists of two main parts, an objective and eyepiece. The objective contains a double 
convex lens or its equivalent of relatively great focal length and the eyepiece contains a double 
convex lens of short focal length. The objective provides a real diminished image and the eye- 
piece provides a virtual magnified image of the real image. The image thus produced is inverted 
and another lens is included in the telescope to reinvert the image. The actual magnification 
of these instruments is indicated by the ratio of the image length Li to the object length L^^ 

expressed as According to the principle of refraction, however, ^ = w and hence ^ is 

® Lq L}q 

called the theoretical magnification. 

APPARATUS 

For the simple microscope, a double convex lens with a focal length of 5 centimeters (or a linen 
tester) ; for the compound microscope, two double convex lenses, each with a focal length of 5 
centimeters, and a translucent screen; for the telescope, a double convex lens with a focal length 
of 25 centimeters, a double convex lens with a focal length of 5 centimeters, and a cardboard 
screen; also support rod, meter stick with supports, lens holders, and screen holders. 

PROCEDURE 

Simple microscope (with double convex lens). Put a double convex lens with a focal length of 
5 centimeters on a lens holder, place a small card containing a square opening one centimeter 
by one centimeter in a screen holder, place a large cardboard in a screen holder, and assemble 
the apparatus as shown in the accompanying drawing. Set the small card about 5 centimeters 



from the lens in order to provide an object distance D„ of 5 centimeters. Set the large card- 
board 25 centimeters from the lens on the same side of the lens as the small card in order to 
provide an image distance of 25 centimeters. The length of the object, because of the size of 

Dynamic Physics References: pages 699-718 
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centimeter. To find the length of the image, look with one 
1 square opening in the small card and with the other eye look at 

arge cardboard. Mark on the large cardboard the image of the square opening and measme 

in centimeters one edge of the image. What is the length of the image? centi- 

meters. To find the actual magnification, substitute found values in the formula What is 

the actual magnification? To find the theoretical magnification, substitute 

found values in the formula ^*. What is the theoretical magnification? What 

is the percentage of difference between the actual magnification and the theoretical magni- 


faction? 


(With linen tester) If time permits, fasten a linen tester with the lens side up in a burette 
clamp attached to an upright support rod. Adjust the linen tester to a height of 25 centimeters 
above a sheet of white paper. Observe that the lower side of the linen tester contains a square 
opening. Use this square opening as the object. With one 
eye look through the lens at the opening and with the other 
eye look at the paper. With a pencil draw lines around the 
square image which you see on the paper. Measure the object 
length L„ or the height of one side of the square opening in 


the linen tester. What is the object length? 

centimeters. Measme the image length Li or the length of 
one side of the square that you have drawn on the paper. 

What is the image length? centimeters. To 

obtain the object distance £)„, measure the distance from the 
lens in the linen tester to the square in the linen tester. What 

is the object distance? centimeters. The 

image distance is 25 centimeters because you set the linen 
tester 25 centimeters from the paper. Check your findings 

by substituting found values in the equation ^ 



linen 

tester 



cardboard 


IS 





. , * » . .. V. i 

•A. •, . • 




is the theoretical magnification. What is 


the actual magnification of the linen tester and ^ 
the actual magnification? What is the theoretical magnification? 


WTiat is your percentage of difference between these ratios? 

Compound microscope. Draw two distinct lines about one millimeter apart on a cardboard 
screen and place the cardboard in a screen holder near one end of a meter stick as shown in the 



drawing. Place a double convex lens with a focal length of 5 centimeters in a lens holder on t e 
meter stick about 5.5 centimeters from the screen to serve as the objective of the microscope. 
Place a second double convex lens with a focal length of 5 centimeters in a lens holder on e 
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meter stick about 60 ^timeters from the first lens to serve as the eyepiece. Adjust the post- 
tion of the eyepiece sl|ghtly to secure a vivid image of the lines on the Ldboard Sin Se 
object distance Z). is 6.5 cmtimeters or approximately the focal length of the objective To 
obtain the image distance D. subtract the focal length of the eyepiece, or 6 centtaetirfrom 

the stance Wween the objective and eyepiece. What is the image distance? .. 

OTntimeters. The objMt length L. is one millimeter because you drew the two lines on the card- 
board screen one miihmeto apart To obtain the image length make a square opening 8 

tL if It ” ^ cardboard and place the cardboard in a screen holder 
of the lenses. Observe the magnified image of the two lines on the cardboard and measure the 

the image lines What is the image length? centimeters. 

Find the actual magnification in the same manner as you found the actual magnification of 

the simple microscope. What is the actual magnification? To find the theo- 

retical magnification, substitute found values in the expression ^ x What is the theoreti- 
cal magnification? What is the percent of difference between the actual magni- 

fication and the theoretical magnification? 


Telescope. Place a cardboard screen in a screen holder near the center of a meter stick as shown 
in the Rawing, On one side of the screen place in a lens holder on the meter stick a double 
convex lens with a focal length of 25 centimeters to serve as the objective. On the other side of 



the screen place in a lens holder a double convex lens with a focal length of 5 centimeters to 
serve as the eyepiece. Place the objective 25 centimeters from the screen or a distance coiTes- 
ponding to its focal length and place the eyepiece 5 centimeters from the screen. Focus on the 
screen through the objective the image of some distant object. Focus on the screen through the 
eyepiece an image of the same object. Observe by these tests that the objective forms a real 
image near the principal focus of the eyepiece. 

Remove the screen and place two chalk marks 5 centimeters apart on the blackboard. 
Place the apparatus from 15 to 20 feet away from the blackboard with the objective facing the 
chalk marks. Look through the eyepiece at the chalk marks with one eye and with the other eye 
observe two image lines on the blackboard that correspond to the chalk lines. Ask a classmate 
to mark the image lines as you describe them to him. The object length or L„ is 5 centimeters 
because you draw the chalk lines 5 centimeters apart. To obtain the image length or L<, 
measure the distance between the lines which your classmate drew on the blackboard. What is 

the image length? centimeters. Find the actual magnification as for the simple 

and compound microscopes. What is the actual magnification? To find the 

theoretical magnification, divide the focal length of the objective F by the focal length of the 

eyepiece /. What is the theoretical magnification? 
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CONCLUSIONS 


1. A simple microscope consists of 


len 


2. The image produced by a simple microscope is always 


becaoM the 


is less than the 


3. The objective of a compound microscope produces a magnified 


and the eyepiece produces a 

image produced by the objective. 


magnified image of the 


4. The objective of a telescope produces a diminished image and the 



piece produces a 

produced by the objective. 


magnified image of the image 


5. The actual magnification is indicated by the formula ; and the 

theoretical magnification by the formula 


PRACTICAL APPLICATIONS 


1. What is a reading glass? 


2. What are some of the principle uses of a compound microscope? 


3. How has the microscope helped in conquering disease? 


4. How has the telescope helped the world to progress? 



CiASB Period 


Date 


Name 


experiment sixty-nine 

Radio Vacuum Tube 

How doos fho vocuufn tube of o todio work? 

References: Elementa of Radio, by Abraham and William Marcus and 

Ralph E. Horton, pages 105-147 

Radio Physics Course, by Alfred A. Ghirardi, pages 383-405 

Introduction. The vacuum tube serves four distinct purposes in a radio: first, to act as a de- 
tector; second, as an amplifier; third, as an oscillator; and fourth, as a modulator. The tube 
contains three electrodes: first, a filament resembling the filament of an incandescent lamp; 
second, a plate made of copper or other suitable material ; and third, a grid made of fine wire. 
The filament, when heated, emits electrons and the plate, when charged positively, attracts the 
electrons, resulting in a steady flow of electrons from the filament to the plate. The grid helps 
to regulate the flow of electrons from the filament to the plate. When charged positively, it in- 
creases the flow by attracting the electrons, and when negatively charged it decreases the flow 
by opposing the electrons. Accordingly, when positively charged it tends to increase the plate 
current and when negatively charged to decrease the plate current. In a radio receiving set, the 
filament is connected with terminals of a so-called A battery ; the plate with the positive term- 
inal of a B battery; and the gnd with the terminals of a C battery. The filament voltage is 
usually fixed and the tube is regulated by varying the grid voltage, which in turn affects the 
plate current. In this experiment you will note the effect of varying: first, the filament voltage; 
second, the plate voltage; and third, the grid voltage. 

APPARATUS 

Three electrode vacuum tube, such as a No. 201-A radiotron; receptacle for the tube; two volt- 
meters with range of 15 volts; voltmeter with zero center for reading both plus and minus 
voltage; ammeter; milliammeter with a range of 25 milliamperes; double throw knife switch or 
commutator; single knife switch; A battery (which may consist of 4 No. 6 dry cells) ; B battery 
(which may consist of 60 flash light dry cells) ; and C battery (which may consist of 8 flood 
light dry cells). 


PROCEDURE 

Relation of the filament voltage to the plate current. Set up the apparatus by arranging three 
circuits, a filament circuit, a plate circuit, and a grid circuit, as shown in the drawing on the 
following page. In arranging the filament circuit, connect the filament in series with an A 
battery, an ammeter, and a single knife switch. Use a variable connection at the A battery so 
that you may shift the connection from a to b, c, d, and e respectively to vary the voltage. 
Connect a voltmeter V\ across the terminals of the filament. In arranging the plate circuit, 
connect the plate with the positive terminal of the B battery and place a milliammeter in the 
line. Using a variable connection, connect the negative terminal of the B battery with the fila- 
ment circuit in line with the negative terminal of the A battery. Connect a voltmeter V 2 across 
the B battery to measure the plate potential. In arranging the grid circuit, connect one terminal 
of the grid with terminal M of a double-throw knife switch or commutator. Connect terminal 
N of the double-throw knife switch with the negative terminal of battery A in the filament 
circuit. Connect the middle terminals S and T of the double-throw knife switch with the 
terminals of a C battery, using a variable connection at the negative terminal so that you may 
shift the connection from a to b, c, d, e, f, g, and h respectively to vary the voltage. Connect 
a voltmeter Vz across the line on either side of the battery to measure the grid potential. 

Dynamic Physics References: pages 749-768 


hatto have arranged the apparatus, connect the plate with the 45-volt tap of the B 

fh ^ing the variable connection at the A battery, place one cell of the A battery in 

e ament cu*cuit. Close the switch in the filament circuit and observe the glow of the fila- 
ment. Why does the filament glow? 


GRID CIRCUIT 


milliammeter 


voltmeter 


switch Ic M 

4 ^ 


c 

battery 



Cvorioble 

connection 


radio 

tube 


plate 

^-qrid 

■filament 


'^'^meter 

switch 

voltmeter 


volt- 

Smeter 


V2 


B 

battery 


vorioble 

connection 

PLATE 

CIRCUIT 


j,variable 

connection 


A battery I 


FILAMENT 

CIRCUIT 


Take the reading of the ammeter in the filament circuit. What is the reading? 

amperes. Take the reading of the voltmeter V 2 in the filament circuit. What is the voltmeter 


reading? volts. Take the reading of the milliammeter. What is the milliam- 
meter reading? milliammeters. Enter your findings for the single-cell connection 


at battery A in the table on the opposite page. 

Repeat the experiment three times more, shifting the connection at battery A to include 
successively two cells, three cells, and four cells in the filament circuit. How does increasing the 

number of cells in the filament circuit affect the glow, or the temperature, of the filament? 


How does the change in the glow, or the temperature, of the filament affect the plate ciurent? 


How can you account for the effect? 
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Enter your findings for all trials as before. 


Cells Used in A Battery 

Filament Cijrrent 

(Amperes) 

Filament Potential 

(Volts) 

Plate Current 
(Milliammeters) 

1 i 




2 




2 




3 




4 





Relation of the plate voltage to the plate current. Leave the connections at the A battery as 
in the last tnal, shift the connection at the B battery to the 22i^-volt tap, and take the reading 


of the milliammeter. Wbat is the reading? milliammeters. Shift the connection 

at the B battery successively to the 45-volt tap, the 673^-volt tap, and the 90-volt tap and take 
the readings of the milliammeter. What is the readinff with fViP 


milliammeters. 

milliammeters. 

milliammeters. 


What is the reading with the connection at the 673^-volt tap? 
What is the reading with the connection at the 90-voIt tap? 
How does increasing the positive potential of the plate affect 


the plate current? 


How can you account for this effect? 


Change the connection at the B battery to secure a negative 90-volt potential. According to the 
milliammeter, what effect does reversing the potential have on the plate? 


How can you account for this effect? 
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Repeat the experiment for all the volt- 
ages and close the double-throw knife switch 
to secure a negative potential in the grid. 
Enter your findings in the table as before. 
What effect does reversing the voltage in the 

gnd circuit have on the plate circuit? 


On the basis of your findings, plot a 
graph somewhat similar to the graph in the 
accompanying drawing to show the effect of 
the gnd potential upon the plate circuit. 


Grid Potential 

(VOLTS) 

Plate Current 

(MILLIAMETERS) 

Grid Potential 

(VOLTS) 

Plate Current 

(MILLIAMMETERS) 

1.5 + 


1,5 - 


3.0 + 


1 

3.0 - 


4.5 -h 


4.5 - 

9 II 11 

6.0 4- 


6.0 - 


7.5 + 


7.5 - 


9.0 + 


1 

9.0 - 


10.5 4- 


10.5 - 
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CONCLUSIONS 

1. What foiir functions does a vacuum tube serve in a radio? 


2. What is the piirpose of each electrode in a vacuum tube? 


3. What effect does changing the temperature of the filament have on the plate current? 


4. How does changing the plate voltage affect the plate current? 


5. How does changing the grid voltage affect the plate current? 


6. How does reversing the grid voltage affect the plate current? 
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PRACTICAL APPLICATIONS 

1. Why is it helpful to und^tand the work of a vacuum tube in a radio? 


2. How is the vacuum tube in a radio used as a detector? 


3. How does the vacuum tube serve as an amplifier? 


4. What do you understand by an oscillator? 


What is a modulator? 


5. How is a three-electrode vacuum tube used in a long-distance telephone circuit? 
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experiment seventy 
Establishing a Fix 


How can an airplane pilot determine his location by signals from 

ground stations when flying by dead reckoning? 

Keferences: Bulletin No. 28, Civil Aeronautics Administration 

Electricity. Part I. by Chester L. Dawes, pages 

Practical Electricity, by Terrell Croft, pages 275-337 
Introduction. When an airplane pilot flies by dead reckoning, as you recall he plots a true 

rects the magnetic course angle for deviation, or the effect on the compass of the eleSc’ c^- 
ren and nearby metal parte as indicated by the deviation chart, to obtain the compass cou^e 
angle; and finally corrects the compass course angle for the effect of any cross winj that may 

netic course heading or the compass course heading. When a pilot flies by dead reckoninrhe 
depends upon s^als from ground stations to determine his location, since he usually lack! 
means of ground identification These signals he receives through an instrument kno^ as a 
radio compass or direction finde^ which indicates the bearings in degrees of the stations fmm 
which the sisals are received. The method which he employs in determining his location by 
the use of these signals is known as establishing a fix. When he establishes a fix, he notes the 
beanngs of two stations from which signals are received. By means of these bearings and the 
magnetic heading, he plots two lines, the intersection of which indicates his location, provided 
the signa s are received simultaneously. If an interval of time elapses after he receives the first 
signal before he receives the second signal, he must determine the ground speed of the airplane 
and from the ^ound speed find how far he has moved away from the point of intersection. 
After making this correction, he measures the length of the lines which he has drawn, and from 
their length calculates the distance to each of the stations. 


APPARATUS 

^otractor, ruler, drawing compass, and radio-direction finding charts. (The radio direction 
finding charts are not essential.) 

PROCEDURE 

Illustrating the method of establishing a fix. In order to understand the method by which an 

airplane pilot establishes a fix, assume that a pilot is flying on a compass heading of 260° at an 

air speed of 100 miles per hour. The magnetic variation is 8° east, the deviation according to 

the deviation chart is 6° east, and a cross wind blows from an angle of 324° at 30 miles per 

hour. A signal is received from station A with a radio compass bearing of 45° and 10 minutes 

later a signal is received from station B with a radio compass bearing of 140°. When the 

second signal is received, how far is the airplane from station A? How far is the airplane from 
station B? 

On a sheet of paper draw a magnetic north and south line and place a point near the 
north end of the line to represent station A, as shown in the accompanying drawing. Draw 
another magnetic north and south line to the right of the first line and place a point on this line 
to represent station B. To obtain the direction of station A from the airplane, determine the 
magnetic heading and add the radio compass bearing of 45°. The magnetic heading is the 

Dynamic Physics References: pages 770-775 
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cMopass heading plus the deviation or 260" + 6* =266". (Observe that in this instance you 
add the deviation ratho* than subtract, as in the experiment on dead reckoning.) The direc- 
tion of station A from the airplane is 266" +45" = 311". To determine the direction of the sur- 
plane from station A (or the reverse direction), subtract 180" from 311°. (Sometimes you need 



to add 180°.) Accordingly, the direction of the airplane from station A is 131°. Draw a line 
AC from point A forming an angle of 131° with the magnetic north and south line at point A 
as .shown in the accompanying drawing. This line indicates somewhere along its length the 

position of the airplane when the pilot receives a signal from station A. 

To obtain the direction of station B from the airplane, add the radio compass bearing of 
140° to the magnetic heading of 266°, thus obtaining 406°. Since the latter angle is ^eater 
than 360°, subtract 360° from 406° and tise the difference 46° as the direction of station B. 
To determine the direction of the airplane from station B (or the reverse direction), add 180 
to 46’ Accordingly, the direction of the airplane from station B is 226°. Draw a line 
from i^int B forming an angle of 226° with the magnetic north and south line at point B. This 
line indicates somewhere along its length the position of the airplane when the pilot receives 


"" "'^rlheTg^^sTrom station A and station B are received simultaneously, the point at which 
line-s -ir and BD intersect indicates the position of the airplane at the time According to the 
‘ ot ,he problem, however, 10 minutes elapse after the signal 

bpforc the signal from station B is received. Therefore, when the signal 

from the ground speed find how far the airplane to traveled in ^ 

shfHr-t of paper draw a true north and south line and locate some pom - + 10 ’ of go and 

in Vhe drawing on the facing the head.^^^^^ 

L^nVi-ie*;; :-ith .t “"KTnd line the ^ 

rnilt -r'-ut 
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^d, according to the problem, blows from an angle of 324° at 30 miles 

forming^ an^e of 324° with the north and south Une at point W. L, 

^ centimeters from point W, Draw a line from point f 
le WPE represents the wind drift ande and fhA 



S 


With a ruler measure the length of line PE, which you find to be 8.4 centimeters. Translating 
this distance into miles per hour on the basis of the scale, you obtain a ground speed of 84 miles 

per hour. To find out how far the airplane has traveled in 10 minutes, you take 1/6 of 84 miles 
(10 nunut6s = l/6 hour), obtaining 14 miles as the distance. 

Returning to the original drawing, locate some point X along line AC and draw a magnetic 
north and south line through the point. Draw a line from point X forming an angle of 266° 
with the north and south line at point X to represent the magnetic heading. Locate point Y 
on the line, 1.4 centimeters from point X, to represent the 14 miles that the airplane has moved 
in 10 minutes. Draw a line through point Y parallel with line AC and intersecting the line BD 
at point Z. Point Z represents the position of the airplane with reference to stations A and B 
when the second signal is received. Draw a line from point A to point Z and measure in centi- 
meters the length of the line. The length is 8.7 centimeters, which indicates, according to the 
scale, that the airplane is 87 miles from station A. The length of line BZ is 6.8, which indicates 
that the airplane is 68 miles from station B. 

An original problem. Having explored the method which the airplane pilot uses in establish- 
ing a fix, find the location of an airplane flying on a compass heading of 342° at an air speed 
of 120 miles per hour. The magnetic variation is 7° east, the deviation according to the devi- 
ation chart is 8° east, and a cross wind blows from an angle of 320° at 30 miles per hour. A 
signal is received from station A with a radio compass bearing of 30° and 12 minutes, later 
a signal is received from station B with a radio compass bearing of 320°. When the second 
signal is received, how far is the airplane from station A? How far is the airplane from station B 
at this time? 

On a sheet of paper as before draw a magnetic north and south line and select a point to 
represent station A. Draw a second magnetic north and south line and select a point to repre- 
sent station B. Determine the magnetic heading by adding the deviation to the compass head- 
ing. What is the magnetic heading? To obtain the direction of station A 

from the airplane, add the radio compass bearing of station A to the magnetic heading. What 

is the direction of station A from the airplane? To determine the direction of 

the airplane from station A (or the reverse direction), add 180° to the direction of the station 
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OT subtract 180®, as necessary. What is. the direction of the airplane from station AT 

Draw a line AC from point A fonning this angle with the north and tooth at point A. 

The airplane is somewhere along line AC when the signal from station A ia rare i wf d . 

To obtain the direction of station B from the airplane, add the radio rnnifiass bsari^ «| 
station B to the magnetic heading. What is the direction of station B from the airpIsDe? 

To determine the direction of the airplane from station B (or the r e ver s e <&rce> 

tion), add or subtract 180®, as necessary. What is the direction of the airplane from 

B? Draw a line BD from point B fonning this angle with the north and sooth 

line at point B. The airplane is somewhere along line BD when the signal from statioo B 
is received. 

If the signals from stations A and B are received simultaneously, the point at which tine 
AC and BD intersect indicates the position of the airplane at the time. According to the con- 
ditions of the problem, however, 12 minutes elapse after the signal from station A is reccired 
before the signal from station B is received. Therefore, when the signal from station B is re- 
ceived the airplane is still along line BD, but has left its position along line AC. To determine 
its present position with reference to line AC, calculate the ground speed and from the ground 
speed find out how far the airplane has traveled in 12 minutes. On a separate sheet of paper 
draw a true north and south line and locate some point W on the line. Find the true heading 
by adding the variation and the deviation to the magnetic heading. What is the true heading? 

Draw a line forming this angle with the north and south line at point IF to 

represent the air speed. Since the airplane travels at the rate of 120 miles per hour, u-^e a ucale, 
such as 1 centimeter equals 10 miles per hour, to locate point P on the line. How many centi- 


meters from W will you locate point P? centimeters. The wind, accnmling to 

the problem, blows at an angle of 320° at 30 miles per hour. At what angle from the n<jrth and 

south line at point W will you draw a line to repre.scnt the win«l direction? 


How many centimeters from point W will you locate point P on the line’ 
centimeters. Draw line EP to represent the ground speed. What ang!*/ the wind 


drift angle? Measure in centimeters the length of line PE. U hat i- the h-ngth' 

centimeters. According to the scale, what is the ground stK-Oil’ 

miles per hour. At this ground speed, how far has the airplane trav.Usi m IJ minute*-? 


miles. . , I 

Returning to your original drawing, locate some i>oint A along line ,\( md <lr.kw a mj ^ 

netic north and south line through the point. Draw a line through p...nt A f-rnong an a-g.e 

equal to the magnetic heading with the north and south line to repreo nr the mogn. heading. 

Using the scale as before, measure a lengtli along the line to r-pre . nt the d,-tan, e 'ravel, >1 m 

12 minutes and locate point T. How far from point .V will you hx'ate |>,.mt V' ^ 
centimeters. Draw a line through point V parallel with lino .U an 1 inter-,- irg . .,a 

at point Z. Draw a line from point Z to point . -I . W hat point r,-pr,-ents the h ■ "f 


plane when the second signal is received. 


Av ci'rtlm*: ^ *■• 


, 1 c i miles How far is the airplane fn*m 

the airplane from station At miit>*. iifv> 


miles. 



CONCLUSIONS 


1. How does a pdot use the bearing of a station, as indicated by the radio 
mining the direction of the station from the airplane? 


compass, in deter- 


• » 




2. After a pilot determines the direction of a station from his airplane, 
the distance of the airplane from the station? 


how can he determine 


3. Why must the signals be received simultaneously from two stations if the intersection of 
lines drawn from the position of the stations represents the location of the airplane? 


4. What factors must a pilot take into consideration in determining the ground speed of an 
airplane? 


5. Why must a pilot use the true heading, or true course angle, in determining the ground 


speed? 


19 


283 


6. After a pflot has established a fix, how does he determine the distance to the two stations 
from which he received the signals? 


PRACTICAL APPLICATIONS 

1. How does a radio compass or direction finder help an airplane pilot to determine his location? 


2. \Miy is it important for an airplane pilot to check his location during flight? 


3. Why is the ability to establish a fix especially important when an aviator is flying above the 
clouds? . 


4 . How has the possibility of establishing a fix contributed to the growth of aviation? 


« 


D. How 


ha-s the possibility of establishing a fix contributed to safety in aviation? 
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Appendix 


A. Linear Measurement 

1 kilometer (km.) =1000 meters 
1 METER (m.) = 10 decimeters 

1 decimeter (dcm.)= 10 centimeters 
1 centimeter (cm.) = 10 millimeters 


TABLE I. Essential Metric Units 

B, Liquid Measurement 

1 kiloliter (kl.) = 1000 liters 

1 LITER 0.) = 10 deciliters 

1 deciliter (dl.) = 10 centiliters 

1 centiliter (cl.) = lo milliliters 


C, Weight Measurement 

1 kilogram (kg.) =1000 grama 

1 GRAM (g.) = 10 decigrams 

1 decigram, (deg.) = lo centigrams 
1 centigram (eg.) = lo milligr am^ 


A. Linear Measurement 
1 meter = 39.37 inches 

1 inch = 2.54 centimeters 

1 kilometer = 0.621 mile 

1 mile =1.609 kilometers 


table II* Conversion Numbers 


B. Liquid 
1 liter 

1 quart (liquid) 
1 gallon 


1.06 quarts Giquid) 
0.946 liter 
3.785 liters 


C. Weight 

1 gram = 

1 oimce = 

1 kilogram = 

1 pound = 


0.035 ounce 
28.35 grams 
2.20 pounds 
0.4536 kilogram 


TABLE III. Equivalents of Work Units and Energy Units 


IHP. 

1 HP. 
IHP. 

1 ft.-lb. 
1 J 
IJ 

1 B.t.u. 
1 B.t.u. 

1 cal. 

1 Cal. 


33.000 ft.-lb. per minute 
550 ft.-lb. per second 
746 watts 

13.560.000 ergs 
10,000,000 ergs 

. 738 ft.-lb. 

252 cal. 

778 ft.-lb. 

427 gram-meters 
3.968 B.t.u. 


1 dyne 

1 poundal 

1 poundal 

1 cu. ft. of water 
at 4® C. 

1 atmosphere 

1 atmosphere 

1 atmosphere 

1 atmosphere 

1 atmosphere 


^ of a gram force 

32^15 ^ pound force 

13,825 dynes 

62.4 lb. 

14.7 lb. 

76 era. of mercury 
30 in. of mercury 
33.57 ft. of water 
1016 millibars 


TABLE IV. Density in Grams Per Cubic Centimeter 


Air, at 0® C. and 76 

cm. 

Ice 

0.92 

mercury pressure . . 

0.00129 

Iron (pure) 

.... 7.8 

Alcohol 

.... 0.81 

Iron (wrought) 

.... 7.8 to 7.9 

Aluminum 

.... 2.67 

Iron (steel) 

.... 7.7 to 7.9 

Brass 

. . . . 8.4 to 8.7 

Lead 

11.4 

Charcoal 

... .6 

Mercury 

....13.6 

Coal (anthracite) 

... 1.3 to 1.8 

Milk 

1.03 

Coal (bituminous) . . . 

... 1.2 to 1.4 

Nickel 

.... 8.9 

Copper 

... 8.8 

Paraffin 

.... 0.9 

Cork 

... 0.24 

Platinum 

... .21.5 

Diamond 

... 3.0 to 3.5 

Silver 

....10.5 

Ether 

... 0.74 

Sulfuric acid 

.... 1.84 

Gasoline 

... 0.66 to 0.69 

Tin 

.... 7.3 

German silver 

... 8.4 

Tungsten 

....18.6 to 19.1 

Glass (crown) 

... 2.6 

Water at 4° C 

.... 1.00 

Glass (flint) 

.. . 3.0 to 6.0 

Water (sea) 

.... 1.03 

Glycerine 

... 1.26 

Zinc 

.... 7.1 

Gold 

.. .19.3 




ote: The above table gives the weight in grams of one cubic centimeter of the substance. Since one cubic centimeter of water at 4® C. weighs 
°f specific gravity is the ratio of the weight of a substance to the weight of an equal volume of water at 4® C., the specific gravity 

0 e above substances is numerically the same as the weight of one cubic centimeter of the substances. The specific gravity of a substance 
w an abstract number and is the same in both English and metric systems. 
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Ahn&inmti 

Brass, 


Copper 


table V, Coefficient 


.0.000023 

.0.000019 

.0.000017 


(Per desree 

^»®niian sOver . , . . 
Glass 

Invar (nickel steel 


oT Linear Expons 
Centigrade) 

0.000018 

0,000008 

alloy) . . 0,0000009 


Iron. 

Lead 

Steel. 


. . . 0.000012 
. . .0.000029 
. . .0,000013 


Fu^ 

Charcoal ^ 

Goal (bituminous) 

Coal (semibituminous) 
Coal (anthracite) 


TABLE VI. Heat Values of Fuels 


£.Lu. per Pound 
. . 16000 

,.11000-14000 
.14000-14700 
. 12500-13400 


Fuel 

Oil (fuel) 

Gasoline 

Natural Gas 

Manufactured Gas 


B4.U, per Pound 
18000 

20000 

1000 B.t.u. per cu. ft. 
600 B.t.u. per cu. ft. 


Temp. C° 
0 " 

1 .... 
2 .... 

3 .... 

4 .... 

5 .... 

6 ... . 

7 ... . 

8 .... 

9 .... 

10 


TABLE VII. Grams of Water Vapor Required to Saturate Air 

per Cubic Meter 


Grams 

4.84 

Temp. C® 

11 

Grams 

9.94 

Temp. C® 

22 

GroTns 
1 o oo 

6.18 

12 

10.57 

23 

OA OA 

6.54 

13 

11.25 

24 

01 CC 

6.92 

14 

11.96 

26 

OO QA 

6.33 

15 


26 

OA 1 1 

6.76 

16 

13.60 

27 

9^ AQ 

7.22 

17 

14.34 

28 


7.70 

18 

15.22 

29 

OQ AC 

8.22 

19 

16.14 

30 

OA A^ 

8.76 

20 

17.12 

31 

Q1 70 

9.33 

21 

18.14 

32 

33.60 


TABLE Vlli* Change of State 

Heat of fusion of ice 

Heat of vaporization of water 


80 calories per gram 
540 calories per gram 


TABLE IXe Relative Humidity Tables 

Per Cent Fahrenheit Temperaturee 

Differencb in Degrees Between Wet- and Dry-Bulb Thermometers 
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32 

90 

79 

69 

60 

50 

41 

31 

22 

13 

4 





33 

90 

80 

71 

61 

52 

42 

33 

24 

16 

7 





34 

90 

81 

72 

62 

53 

44 

35 

27 

18 

9 

1 




35 

91 

82 

73 

64 

55 

46 

37 

29 

20 

12 

4 




36 

91 

82 

73 

65 

56 

48 

39 

31 

23 

14 

6 




37 

91 

83 

74 

66 

58 

49 

41 

33 

25 

17 

9 

1 



38 

91 

83 

75 

67 

59 

51 

43 

35 

27 

19 

12 

4 



39 

92 

84 

76 

68 

60 

52 

44 

37 

29 

21 

14 

7 



40 

92 

84 

76 

68 

61 

53 

46 

38 

31 

23 

16 

9 

2 


41 

92 

84 

77 

69 

62 

64 

47 

40 

33 

26 

18 

11 

5 


42 

92 

85 

77 

70 

62 

55 

48 

41 

34 

28 

21 

14 

7 


43 

92 

85 

78 

70 

63 

56 

49 

43 

36 

29 

23 

16 

9 

3 

44 

93 

85 

78 

71 

64 

57 

51 

44 

37 

31 

24 

18 

12 

5 

45 

93 

86 

79 

71 

65 

58 

52 

45 

39 

33 

26 

20 

14 

8 

46 

93 

86 

79 

72 

65 

59 

53 

46 

40 

34 

28 

22 

16 

10 

47 

93 

86 

79 

73 

66 

60 

54 

47 

41 

35 

29 

23 

17 

12 

48 

93 

87 

80 

73 

67 

60 

54 

48 

42 

36 

31 

25 

19 

14 

49 

93 

87 

80 

74 

67 

61 

55 

49 

43 

37 

32 

26 

21 

15 




CO 


2 

4 

6 

8 

10 


1 

3 

5 
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TABLE IX. Relative Humidity Tables 

(.Continued) 


2a 

o g 

Mg 

e s 


«*3 

.Q 


50 

61 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
82 
84 
86 
88 

90 

92 

94 

96 

98 



93 

94 
94 
94 
94 

94 

94 

94 

94 

94 

94 

94 

94 

95 
95 

95 

95 

95 

95 

95 

95 

95 

95 

95 

95 

96 
96 
96 
96 
96 

96 

96 

96 

96 

96 

96 

96 

96 

96 

96 


87 

87 

88 
88 
88 

88 

88 

88 

89 

89 

89 

89 

89 

90 
90 

90 

90 

90 

90 

90 

90 

90 

91 
91 
91 

91 

91 

91 

91 

91 

91 

92 
92 
92 
92 

92 

92 

93 
93 
93 


81 

81 

81 

82 

82 

82 

82 

83 

83 

83 

84 
84 
84 

84 

85 

85 

85 

85 

85 

86 

86 

86 

86 

86 

86 

87 

87 

87 

87 

87 

87 

88 
88 
88 
88 

89 

89 

89 

89 

89 


74 

75 
75 

75 

76 

76 

77 
77 

77 

78 

78 

79 
79 
79 

79 

80 
80 
80 
81 
81 

81 

82 

82 

82 

82 

82 

83 

83 

83 

83 

83 

84 

84 

85 
85 

85 

85 

86 
86 
86 


68 

69 

69 

70 

70 

71 

71 

72 

72 

73 

73 

74 
74 

74 

75 

75 

76 
76 

76 

77 

77 

77 

78 
78 
78 

78 

78 

79 
79 
79 

79 

80 
80 
81 
81 

81 

82 

82 

82 

83 


62 

63 

63 

64 

65 

65 

66 
66 

67 

68 

68 

68 

69 

70 
70 

70 

71 

71 

72 
72 

72 

73 
73 

73 

74 

74 

74 

75 
75 

75 

76 

76 

77 

77 

78 , 

78 

78 

79 
79 
79 


56 

57 

58 

58 

59 

60 
61 
61 
62 
63 

63 

64 

64 

65 

66 

66 

66 

67 

67 

68 

68 

69 

69 

69 

70 

70 

70 

71 
71 

71 

72 

72 

73 

74 

74 

75 
75 

75 

76 
76 


50 

51 

52 

53 

54 

55 

55 

56 

57 
68 

58 

59 

60 
60 
61 

62 

62 

62 

63 

64 

64 

64 

65 

65 

66 

66 

67 

67 

67 

68 

68 

69 

70 

70 

71 

71 

72 

72 

73 
73 


44 

45 

46 

47 

48 

49 

50 

51 
62 
53 

53 

54 

55 

56 

56 

57 

58 

58 

59 

59 

60 
60 
61 
61 
62 

63 

63 

63 

64 
64 

64 

65 

66 
67 

67 

68 
69 

69 

70 
70 


39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 
60 

51 

52 

53 

53 

54 

55 

55 

56 

56 

57 

58 

58 

59 

59 

60 
60 
60 

61 

62 

63 

63 

64 

65 

65 

66 
67 
67 


33 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

48 

49 

50 

51 

51 

52 

53 

53 

54 

54 

55 

55 

56 

57 
57 

57 

58 

59 

60 
61 

62 

62 

63 

64 
64 


28 

29 

30 

32 

33 

34 

35 

36 

38 

39 

40 

40 

41 

42 

43 

44 

45 

46 

47 

47 

48 

49 

49 

50 

51 

51 

52 

52 

53 

54 

64 

55 

56 

57 

58 

59 

59 

60 
61 
61 


22 

24 

25 

27 

28 

29 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

44 

45 

46 

46 

47 

48 

48 

49 

50 

50 

51 

52 

53 

54 

55 

56 

57 

57 

58 

59 


17 

19 

20 
22 
23 

25 

26 

27 

28 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

40 

41 

42 

43 

44 

44 

45 

46 

46 

47 

49 

50 

51 

51 

52 

53 

54 

54 

55 

56 


12 

14 

15 

17 

18 

20 

21 

23 

24 

25 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

40 

41 

42 

42 

43 

44 

44 

46 

47 

48 

49 

50 

51 

52 

53 
53 


7 

9 

10 

12 

14 

15 

17 

18 
20 
21 

22 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

38 

39 

40 

41 

41 

43 

44 

45 

46 

47 

48 

49 

50 
61 


11 

12 

14 

15 

17 

18 
20 
21 
22 
23 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

34 

35 

36 

37 

37 

38 

40 

41 

42 

43 

44 

45 

46 

47 

48 


100 96 93 90 86 83 80 77 74 71 68 65 62 59 57 54 52 49 


TABLE X. Melting and Boiling Points at 76 cm. Pressure 


Substance 


Alcohol (ethyl) 
Aluminum . . , . 

*Carbon 

Helium 

Hydrogen 

Mercury 

Platinum 

Water 

Timgsten 


Melting Point C 


- 130 
658 

3500 

- 271 

- 259 
- 38,9 
1755 

0^* 

3400 


Boiling Point C 

78 

1800 

4200 

- 267 

- 252 
357 

3910 

100 

5830 


* Sublimes at temperature above 3500° C, 
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1 XI. S|M«Hk H»«tt 

Brwm 

0.22 

A AQC 

TABLE XII. Electrical Conductivity of Metals 

Compared with Copper (100) 


Coijper 

V ♦ USfO 


y 

64 

Iron 


Oam 

0 9 

/uuminum , , . , , 

Copper 

. 16 

Ice 

0.6 

0.113 

100 

Nickel 

13 

Iron 

German silver . 

7 6 


17 

Lad 


75 


1 1 

Mermry 

V • VO 

0.03 

0.06 

0.48 

1.00 

0.095 

yjOlQ ......... 



Slver 





SteBZD (lOO^C.at 76 cm. pressure) 
Water 





2nc 






TABLE XIII. B. and S. Gauge, Diameter, and Resistance of Soft 

Copper Wires 


B. ASP S. 
Gauge No. 

Diameter 

IK Mils (d) 

Ohms per 1000 
Ft. at 20® C. 
OR 68® F. 

0000.... 

460.00 

0.049 

000.... 

409.64 

0.0618 

00.... 

364.80 

0.0779 

0.... 

324.95 

0.983 

1.... 

289.30 

0.124 

2.... 

257.63 

0.156 

3. . . . 

229.42 

0.197 

4.... 

204.31 

0.248 

5... 

181.94 

0.313 

6. . . . 

162.02 

0.395 

7.... 

144.28 

0.498 

8.... 

128.49 

0.628 

9... 

114.43 

0.792 

10,... 

101.89 

0.999 

11... 

90.74 

1.257 

12.... 

80.81 

1.586 

13.... 

71.96 

2.003 

14.... 

64.08 

2.525 

15. . . . 

57.07 

3.184 

16.... 

50.82 

4.016 

17.... 

45.26 

5.064 

18.... 

40.30 

6.385 


B. AND S. 

Gauge No. 

Diameter 

IN Mils (d) 

Ohms per 1000 
Ft. at 20® C. 

OR 68* F, 

19.... 

35.89 

8.051 

20.... 

31.96 

10.14 

21.... 

28.46 

12.78 

22.... 

25.35 

16.12 

23.... 

22.57 

20.36 

24.... 

20.10 

25.63 

25.... 

17.90 

32.31 

26.... 

15.94 

40.75 

27.... 

14.20 

51.38 

, 28.... 

12.64 

64.79 

29.... 

11.26. 

81.70 

30.... 

10.03 

103.0 

31.... 

8.93 

129.9 

32.... 

7.95 

163.8 

33... 

7.08 

206.6 

34.... 

6.31 

260.5 

35.... 

5.62 

328.4 

36.... 

5.00 

414.8 

37.... 

4.45 

523.2 

38-... 

3.97 

659.6 

39.... 

3.53 

831.8 

40... 

3.15 

1049.0 


The resistance of a mil-foot of copper = 10.4 ohms. 

The resistance of a mil-foot of German silver = 180 ohms to 218 ohms. 

The resistance of a mil-foot of nichrome == 600 ohms to 660 ohms. 

The resistance of 1000 ft. of German silver or nichrome is found by multiplying the resistance of copper as given 
in the table by the resistance of one mil-foot of German silver or nichrome and dividing the result by 10.4. 

Example. Find the resistance of 1000 ft. of No. 10 German silver wire. 

180 

Solution. 0.999 X =17.2 ohms. 


Canada balsam . . . 
Carbon disulphide 

Diamond 

Glass (crown) . . . . 


TABLE XIV. Indices of Refraction 


,.1.50 

Glass (flint) 

1.62 

1 

T/>o - , 

1.31 

, • 1 . D*x 

O 

^\To4'£ir* . . ...... 

1.33 

,.1.52 
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FORMULAS FROM PLANE AND SOLID GEOMETRY 


1. Area of a square = S* 

2. Area of a rectangle = ab 

3. Area of a triangle = ^ 

4. Area of a circle = xr* 

6. Area of a sphere = xd* 


6* Volume of a cube 




7. Voltune of a rectangular solid = abk 

8. Volume of a sphere = 

9- Volume of a cylinder = 

10. Volume of a cone = 


|xr» 

xr*/t 

irT^h 


FORMULAS FROM PHYSICS 


Dmntify 


1. Density: D = 


V 


MECHANICS 


Prm%sur0 of Uquida 

F 

1. Pressure: P ~ ^ 

2. Pressure due to liquid: p — hd 


Spoc/Ac Grttvhy 



Specific gravity = 


weight of object in air 
weight of equal volume of water 


3. 


5. Pascal’s law: 


Force due to liquid: F=Ahd 

a ^ Fi 
A Ai 
F Ft 

Di* 


SfTGises 

F 

1. Unit stress = -r 

A 

Lovers 

1. Law of levers: Widi = W 2 d 2 

Gravifafion 

, ^ KM,M2 

Uniform Accoloratod Motion 

1. V=at 

2. or 

laws of Motion 

1. Ft=MV 

Centrifugal Porto 

1. 

r 


2. Factor of safety = 


ultimate-unit stress 
working-unit stress 


3. 

4. 


V = Vo at 
S^Vat 


5. V = \/2(iS 


2. F^Ma 


3 . \yv = w^v, 
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3. Dp =1.28yoV» 


4. HP.= 


CdPSV* 
2 X 660 



1. ir»FS 


2. P = 


HP 


I 


4 . HP.= 



6. Watts 

seconds 

6. P.E.=FS 

7. K.E. =1 MV* 


1. Edt = Rd, 

•2. (AcniaJ) MJV.=^ 


3. T.M^.= 


distance 


4. VeIodt>’ ratio = 


5. Coefficient 


distance resistance moves 

velocity of effort 


velocity of resistance 

iction — force parallel to surface 

force perpendicular to surface 



7. Efficiency = 


output 

input 

(Actual) M.A. 

T.MA. 


HEAT 


TwnpeftJtvre 

1. (F.-32) 

2. F.=? C. + 32 

o 


3. r=273 -f C. 


4. Coefficient of expansion: K — 


La 


Got tows 


1. Boyle’s law: 

2. Charles’ law: 


Vz Pi 
Vz T2 


M^tatur0fn^nt of Hoot 

1. Heat taken in (MSO =heat given up (MiSiU) 


P 7 

3, Gay-Lussac's law: 

Jr2 1 2 

4. Combination of all gas laws: 


PxV, _P2V2 


Bffictoncy of Stoam Engine 

Tt — Tz 

1. Efficiency of steam engine = — = — 

i I 
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SOUND 


1, V=LN 

Frequency! length; Ni ^ 

’ Frequency; length: N2 In 



F = 


KSiS- 

d* 


Q Ni_ Vtensioni Nt \/j\ 

Try — OF = — 

^ \/tension2 * \/^ 


A V mass per unit length; N^ VAfo 

■■ ■ ^ 




lass per unit length: 


or 1^7 = 
Ni 


VWi 


MAGNETISM 


STATIC electricity 

_XCiC; 

” d^ 


Ohm's law 



electricity^direct and alternating current 


2. P.D,=/R 


3. Wheatstone Bridge: X = 


aR^ 


lows of Resisfonce 


1 

• i?2 
2. R = 


KL 


3. Rx — Ri -|- R 2 -|- R^ 








EN 

Re + R*N 



3. Law of Electrolysis: M=KIT 


00€tricai Power and Energy 

1. Watts =E/ 

2. Watts = 72/2 

3. Watts = HP. X 746 

4. Joules =E/r 
6. Joules = 72 /?^ 


Impedbnce 

1 . z=VWT^ 


Power Pacfor 

1 . Power factor = __ true power 

apparent power I^Z Z 


CUrrenf in Alternating Cir<yit 


1. 7 = . 


e.m.f. 


impedance 


6. K.W.H.= 


7, K.W.H.= 


El X hours 
1000 

IR^ X hours 
1000 


8. Calories = . 24 72 / 2 ^ 

9 . Efficiency = ^ tpu t horsepower 

input horsepower 
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* . 1 1 



2. Efflcfeaney nf lam p X 4«- 


watta 


t 

9 L* Di 

l.~d: 



^ Di 
L.”ZX. 






M4^j2raSjiaB td nwapcwod microacope 


v25 

P 


liaCK^cmiico of tcnrssiaJ tefcaroop >nH g«“—~ t length of objectjvefJtQ 

Focal leoKth of eyepiece(/) 


s V^/^V 


• AOlO 


luwionnf 

watts 
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APPARATUS REQUIRED FOR LABORATORY EXPERIMENTS 

DYNAMIC PHYSICS 


I. ^paniftn fcr four sfotfenb working logerfcor. The following list indicates the pieces of 
apparate needed by each group of four students. The list is provided on thirbaS 
b^use four students usually work together in a high-school physics laboratory Erc^ 
wh^ a n^b^ appears m parenthesis after the name of a piece of apparatus, one piece is 
sufficient for the group. In order to equip a laboratory for a complete class, the number 
of pieces m each instance must be multiplied by the number of groups in the class. 


accelerator apparatus, Packard's 

aluminum block, 4 cm. on each edge 

balance, Harvard trip balance or triple-beam trip scale 

balance, spring, avoirdupois and metric (3) 

ball, aluminum, drilled for suspension, diameter 1 " 

ball, brass, drilled for suspension, diameter 1" 

ball, cast iron, drilled for suspension, diameter 1" 


ball, lead, drilled for suspension, diameter 1" 
ball, solid rubber 
ball, tennis 

battery jar, cylindrical, capacity 8 pt. 
bell, electric, D. C., 2^ in. gong 


Boyle’s law tube, one sealed, 1 mm. bore, 100 cm. long 
brass holder 

Bunsen burner 
caliper, vernier 
calorimeter, double-walled 
camel's hair brush 
capillary apparatus 
cat skin skin) 

Charles’ law tube. Waterman type 

clamp, burette (2) 

clamp, condenser 

clamp, pendvilum 

clamp, right-angle (2) 

clamp, T 


clamp, universal, rubber covered jaws 
composition of force apparatus 
condenser plate, metal, 10 cm. square 
copper element, flat, 12.5 X 3.8 cm. 
cylinder, hydrometer jar, 12 X 2 in. 
electroscope 

flask, boiling, Pyrex glass, 1000 cc. capacity 
friction block with hook, 16 X 5 X 4 cm. 
galvanometer, Weston model 
graduate, cylindrical, 500 cc. 

Hall’s carriage 

heating coil 

Hooke’s law apparatus 

hydrometer for heavy liquids 

hydrometer for light liquids 

hydrometer jar, 15 X 2 in. 

inclined plane board fitted with pulley 

index of refraction plate, 7 X 7 X 3.6 cm, 

induction coil, Gilley (2) 

iron filings (1 lb. carton) 

lead element, flat, 12,5 X 2.0 cm. 
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( 2 ) 

( 2 ) 


lead shot (10 lb.) 

lamp, carbon filament, incandescent, 16 c.p 
lamp, carbon filament, incandescent, 32 c.p 
lamp, incandescent. 25 Watt Mazda (2) 
lamp, incandescent, 60 Watt Mazda (2) 
lamp, incandescent, 75 Watt Mazda (2) 
lamp rheostat board 

lead cylinder, with conical top and book 
lens and mirror support for 4 cm. lens (2) 
lens, double convex, diameter 3.75 cm., focus 5 cm 
lens, double convex, diameter 3.75 cm., focus 15 cm 
lever holder, steelknife edge 

linear expansion apparatus, micrometer form 
linear expansion rod, aluminum, 60 X 6 cm. 
linear expansion rod, brass, 60 X 6 cm. 
linear expansion rod, copper, 60 x 6 cm. 

linear expansion rod, metal alloy, 60 X 6 cm. 
linen tester lens (2) 

magnet, bar, polished steel, 19 X 6 mm. cross-section, 15 cm. long (2) 

magnet, U, polished steel, 19 cm. long, poles 9 X 13 mm. 
magnetic compass (2) 

magnetic needle, on stand, 15 cm. 
marble, glass 

manometer tube, arms 102 and 25 cm. long 

'«^th one solid and one one-holed cork, 100 cm. long 
mirror, spherical, concave and convex, diameter 12 cm. 

model airplane, with movable control surfaces 

motor, D. C., compound wound, ^ h.p., 115 volt 

Ohm’s law apparatus 

pinch clamp, Hoffman improved form 

photometer, student’s complete, Bunsen form 

prism, equilateral, 75 mm. face, 9 mm. thick (2) 

protractor, brass, 4^ in. (4) 

pulley, double (2) 

pulley, single (2) 

push button 

resistance board with 4 wires each 100 cm. long; nichrome 10 mils diameter, nichrome 14 mils 
diameter, German silver 14 mils diameter, copper 10 mils diameter 
resistance box 


resonance tube, 30 cm, long, 4 cm, diameter 
resonance tube, 110 cm. long, 4 cm, diameter 
ring, iron with clamp, diameter 5 in. (2) 
scale, rule, English and metric (4) 
scale, meter stick, maple (2) 
scale pan, aluminum 

screen, Bristol board, 10 x 12,5 cm., millimeter scale along one edge 
screen support to slide on meter stick, metal 
soft iron bar, 75 X 19 X 6 mm, 

sonometer, hardwood, resonance box with pulleys and weight hangers 

specific gravity specimen, aluminum cylinder with hook, 7.5 X 2.5 cm 

specific gravity specimen, brass cylinder with hook, 7,5 X 2.5 cm. 

specific gravity specimen, copper cylinder with hook, 7.5 X 2.5 cm. 

specific gravity specimen, steel cylinder with hook, 7.5 X 2.5 cm. 

specific heat specimen, aluminum 

specific heat specimen, brass 

specific heat specimen, copper 

specific heat specimen, lead 

spool, ordinary sewing-thread type 
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steam generator, copper, capacity 1 liter, complete with thermometer tube, one-hole 
stopper, copper dipper can, water gauge, and separate iron tripod ’ 

steam trap 

support for optical bench (1 pair) 
support rod, 125 cm* long, 19 mm* diameter 
table support for use with trip balance 

transmission of soxmd in solids apparatus, Kundt's, with three rods 100 cm lone- brass 
iron, and glass ® ' 

thermometer, 110 centigrade 
tuning fork, alloy, unmounted, 256 v.p.8. (2) 
tuning fork, alloy, immoxmted, 320 v.p.s. (2) 
tuning fork, alloy, unmounted, 384 v.p.s* (2) 
tuning fork, alloy, unmounted, 512 v.p.s. (2) 

vibrograph with pendulum and tuning fork of low frequency 60 v.p.s. 

voltmeter, D. C., Weston double range 

watch glass, diameter 3 in. (4) 

weather maps, U. S. for 3 successive days 

weights, metric, (1 set) 

weight hanger, iron with hook 

Wheatstone bridge, standard slide wire form 

wheel and axle, aluminum, diameters of wheels 2, 4, 8, and 12 cm. 
wooden block, water-proof, 7.5 X 7.5 X 3.8 cm. 
wooden block, water-proof, 7.0 X 4,5 X 4.5 cm. 
wooden cylinder, water-proof, 1 X 20 cm. 

II* General apparatus for entire class. The following list indicates the pieces of apparatus 
to be used by the class as a whole. These pieces are over and above those specified for 
each working group. Only one piece is required, except as indicated in parenthesis. 

air pump, lecture form for vacuum and pressure 
ammeter, A. C., Weston model, double range 
balance, spring, avoirdupois and metric, 30 lb. (2) 
barometer, aneroid 
barometer, mercurial 

barometer tube, plain, 4 mm. bore, 80 cm. long 

battery hydrometer, syringe type 

bell jar, extra high form, 36 in. long 

fan, electric, 12 in. blade 

file, triangular 

funnel, glass, 75 mm. 

foot-candle meter, Weston 

glass cutter 

hammer, 12 oz. 

hygrometer 

magnetic needle, dipping, on stand 
microscope, compound 
pliers, wire cutting, 5 in. 

rubber tubing, extra heavy wall, in. thick, inside diameter in. (5 feet) 

saw, general purpose 

scissors, general purpose 

screw driver, 4 in. blade 

screw driver, 6 in. blade 

screw driver, 8 in. blade 

storage battery, Edison, 5 cells 

tachometer on revolution counter 

voltmeter, A. C., Weston model, double range 

wattmeter, D. C. and single phase A. C., Weston model 

weather vane 
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MtrvffrTMous apparatus. The following list indicates the names of materials which should 
oe kept in the store room to satisfy needs as they arise from day to day. For example, an 
experiment may call for glass tubing, electric wire, thumb tack, or rubber band, which 

should be on hand when the need arises. The entry in parenthesis shows the quantity 
required in each instance. 


alcohol, denatured (1 gal.) 

ammonium hydroxide (1 small reagent bottle) 

binding post (50) 

candle, paraffin (2 lb, of 12 to lb.) 

candle holder for one candle to slide on meter stick (10) 

cardboard (1 large sheet) 

chalk, cylindrical (1 box) 

cloth, dust (10 yd.) 

copper sulfate (3 lb.) 

connector tip, universal (50) 

cord, cotton (3 balls No. 30 seine) 

cord, silk (25 yd.) 

corks, assorted. Nos. 3 to 16 (100) 

dry cell, Eveready, No. 6 (12) 

ether (1 lb.) 

evaporating dish (10) 

foil, aluminum leaf (25 sheets 5X5 in.) 

fuses, 10 amp. (20) 

glass tubing, 5 mm. outside diameter (50 ft.) 
gasoline (1 gal.) 

hydrochloric acid (small reagent bottle) 

matches, safety 

mercury (5 lb.) 

nails, assorted sizes (5 lb.) 

olive oil (1 pt.) 

paraffin (2 lb.) 

pith balls rpkg.) 

rubber bands, assorted (3 pkg.) 

rubber stoppers, one-hole, size 4 (1 lb.) 

rubber stoppers, one-hole, size 5 (1 lb.) 

rubber stoppers, one-hole, size 6 (1 lb.) 

rubber tubing, medium wall, inside diameter ^ in. (40 ft.) 

sandpaper, assorted (1 pkg.) 
soap (2 cakes) 

sugar, rectangular chunks (2 lb.) 

tacks, carpet (1 pkg.) 

sulphuric acid (1 small reagent bottle) 

test tubes (100) 

wire, annunciator, B. and S. No. 18 (5 spools) 

wiff*, copper, bare, 14 mils diameter (2 spools) 

w ire, copper, rubber covered, B. and S. No. 16 (2 spools) 

%vlre. German silver, 14 mils diameter (2 spools) 

v/ire. nichrome. 10 mils diameter C2 spools) 

v.'re nichrome, 14 mils diameter (2 spools) 

V. ire. piano, steel, B. and S. No. 24 (5 spools) 
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LOGARITHMS OF NUMBERS LOGARITHMS OF NUMBERS 
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and the cotangents of the angles to the right. 




